Factors Influencing Health Outcomes Across the Least, Average and Healthiest States in America by Hooshmand, Somayeh
Old Dominion University
ODU Digital Commons
School of Public Service Theses & Dissertations School of Public Service
Summer 2017
Factors Influencing Health Outcomes Across the
Least, Average and Healthiest States in America
Somayeh Hooshmand
Old Dominion University
Follow this and additional works at: https://digitalcommons.odu.edu/publicservice_etds
Part of the Public Administration Commons
This Dissertation is brought to you for free and open access by the School of Public Service at ODU Digital Commons. It has been accepted for
inclusion in School of Public Service Theses & Dissertations by an authorized administrator of ODU Digital Commons. For more information, please
contact digitalcommons@odu.edu.
Recommended Citation
Hooshmand, Somayeh. "Factors Influencing Health Outcomes Across the Least, Average and Healthiest States in America" (2017).
Doctor of Philosophy (PhD), dissertation, School of Public Service, Old Dominion University, DOI: 10.25777/sqdq-xm77
https://digitalcommons.odu.edu/publicservice_etds/7
	FACTORS INFLUENCING HEALTH OUTCOMES ACROSS THE LEAST, AVERAGE 
AND HEALTHIEST STATES IN AMERICA  
 
 
by 
 
Somayeh Hooshmand 
B.A. May 2005, Chamran University of Ahvaz, Iran 
Ph.D. September 2014, Universiti Putra Malaysia, Malaysia  
 
 
A Dissertation Submitted to the Faculty of 
Old Dominion University in Partial Fulfillment of the  
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
PUBLIC ADMINISTRATION AND POLICY 
OLD DOMINION UNIVERSITY 
August 2017 
 
                                                                                        Approved by: 
 
                                                                                        Dr. John Morris (Director) 
 
                                                                                                    Dr. Mohammad Najand (Member) 
 
                                                                                         Dr. Meagan Jordan (Member)  
 
 
 
 
	ABSTRACT 
FACTORS INFLUENCING HEALTH OUTCOMES ACROSS THE LEAST, AVERAGE AND 
HEALTHIEST STATES IN AMERICA  
 
Somayeh Hooshmand  
Old Dominion University, 2017  
Director: Dr. John Morris  
 
Although there is a growing literature that uses national and international data to 
investigate health outcomes and their link to the determinants of health, empirical studies on 
whether or not there is a causal relationship between health outcomes and the determinants of 
health, to our knowledge, has not been generally done previously. To fill this gap, the main focus 
of this dissertation is to empirically analyze the relationship existing between health determinants 
and health outcomes among the least healthy state (Mississippi), the middle ranked state 
(Virginia) and the healthiest state (Hawaii) as measured by American Health Ranking (AHR). 
This study uses multiple regression models in order to measure the impact of independent 
variables on health outcomes. For more in depth study of the casual relations between health 
outcomes and our independent variables, Vector Auto Regression Model (VAR) with embedded 
Granger causality is used. The data for this analysis are chiefly obtained from the American 
Health Rankings Organization. Premature death, cancer death, cardiovascular death, and infant 
mortality are used as proxy for health outcomes. Our independent variables, to measure what 
factors influence health outcomes, are divided into four categories: behavioral factors, 
environmental factor, socioeconomic factors, and policy factors. The measures of our 
independent variables for health behavior are smoking, excessive drinking, obesity and physical 
inactivity. The measure of environmental factor is air pollution. Education, change in personal 
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income, unemployment rate and income disparity are included in this study as the measure of 
socioeconomic independent variables. The measures of policy factors are health insurance and 
public health funding. 
The results reveal that obesity, air pollution, income disparity, high school graduation 
rate, public health funding and health insurance influence health outcomes and are the main 
factors that affect the health outcomes of Mississippi, Virginia and Hawaii. The finding of this 
study may provide the useful information for researchers, health professionals and policymakers 
in assessing the conditions and possible improvements, which can be made within each 
determinants of health that have been identified as a leading cause of death to reduce health 
disparities.  
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CHAPTER 1 
 INTRODUCTION 
 
Population health, the central concern for all human societies, is a relatively new concept. 
It can be defined in a number of ways, though overall, it refers to improving the health for the 
population as a whole rather than for individuals. The focuses of population health, from its 
probable origins in Canada to its current use in the literature, is around achieving positive health 
outcomes for the population and reducing inequalities in health between population groups (Arah 
& Westert, 2005; Kindig & Stoddart, 2003; Kindig, 2007). Some scholars have defined 
population health as health outcomes and their distribution of such outcomes within the group 
(Kindig & Stoddart, 2003; Kindig, 2007). These groups can be defined by geographic 
populations such as nations or communities, but can also be other groups such as race or 
ethnicity, socioeconomic status, gender. This definition proposes a specific unit of measure of 
population health, and health status indicators are used to measure the health of a population in 
the rich contextual web such as the social and economic conditions, physical environments, 
health system and health behaviors (Dunn & Hayes, 1999).  
Improving population health is of considerable importance in the disciplines of public 
health and within other academic disciplines such as public administration and public policy. It is 
an approach to health that aims to address how and why some groups of people are healthy and 
others are not (Evans & Stoddart, 2003; McDowell, Spasoff, & Kristjansson, 2004). The role of 
public administration and policy, not only in terms of designing policies that can improve health-
related quality of life and well-being for all individuals but also with regard to how these policies 
are appropriately administered and implemented, is critical to improve health equity. Health 
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outcomes maybe affected by factors outside the healthcare sector that emphasize the social 
determinants of health. Social determinants of health (SDH) are the condition in which people 
live and work that influence the health of people and communities and its social distribution. The 
distributions of social determinants are shaped by public policies; and many social determinants 
of health exist outside the health sector, across the government, private, and not-for-profit sectors 
(Carey & Friel, 2015). This has led researchers to take a growing interest in how to create and 
implement public policies that results in better health outcomes.  
Researchers and policymakers in the field of healthcare, public health and other fields 
have been using the phrase “population health” in recent years. Although their understanding and 
interpretation of this phrase may be different, its ultimate meaning seems to be quite clear.  
Population health provides an opportunity for public health agencies, community-based 
organizations and healthcare delivery system to work together to improve health in the their 
communities.  Kindig and Stoddart (2003) define population health as “the health outcomes of a 
group of individuals, including the distribution of such outcomes within the group.” Their 
definition seems to emphasize “health outcomes” as the implicit goal of improving health 
outcomes.  Some researchers use the term “total population health” defined by geographic areas 
to imply a similar goal (Jacobson & Teutsch, 2012).  The Center for Medicare and Medicaid 
Innovation’s mission suggests that improving health of the population by encouraging healthier 
lifestyles for the entire population, including increased physical activity, better nutrition, 
avoidance of behavioral risks, and wider use of preventive care as their main goal. Some 
researchers’ definition also includes the factors that influence health outcomes. For instance, 
Dunn and Hayes (1999) define population health as “The health of a population as measured by 
health status indicators and as influenced by social, economic and physical environments, 
		
3	
personal health practices, individual capacity and coping skills, human biology, early childhood 
development, and health services”.  Young (2005) believes that population health interpretation 
should focus on a conceptual framework where our focus should be on why some populations 
are healthier than others.  This framework should include policy development, research agenda, 
and resource allocation associated with population health. Young encourages policy makers to 
weigh in the health implications of policies that are not generally considered health related.  
Despite some apparent differences, population health concept seems to embody several 
commonalities that include improving population health where several sectors (public, private, 
non-profit) work together to achieve improvement in health and well-being of the entire 
population as well as reducing disparities and inequities in the population they serve. 
 
Problem Statement  
There is a growing literature that uses national and international data to investigate health 
outcomes and their link to socioeconomic factors. This research, in general, is in infancy stage 
and the analysis is limited to a handful of developed countries -- the US, Canada, England, and 
Germany (Banks & Smith, 2012). The richness of the new data provides the researcher with 
tools to model a comparative lens (international and national) that was not previously possible.   
The United States spends per capita more than any nation in the world on health but it is far from 
the healthiest. This disadvantage has been getting worse for the last couple of decades when 
compared with the average of peer countries (Woolf & Aron, 2013). Researchers have attributed 
a number of factors to the U.S. health disadvantage. These factors include health behaviors, 
social and economic conditions and physical environment and health care system. Researchers 
have compared health outcomes of the U.S. and other developed countries (Ridic, Gleason, & 
Ridic, 2012) but there is not much empirical research on the determinants of health that lead to 
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health outcomes across different states. For over twenty years, America’s Health Rankings 
(AHR) has provided an analysis of national health on a state-by-state basis and the fifty states in 
the US have been ranked from healthiest to the least healthy state. AHR takes five major factors 
into account: Behaviors; Community and Environment; Policies, Clinical Care received while 
the outcomes are cancer deaths, heart disease deaths, infant mortality and more. However, the 
causal pathways through which determinants have a significant impact on health outcomes are 
often complex and relationships are also not identified. This study seeks to fill this gap. 
Thus, empirical studies on whether or not there is a causal relationship between health 
outcomes and the determinants of health, to our knowledge, has not been generally done 
previously. To fill this gap, the main focus of this dissertation is to empirically analyze the 
relationship existing between health determinants and health outcomes among the least healthy 
state (Mississippi), the middle ranked state (Virginia) and the healthiest state (Hawaii) as 
measured by American Health Ranking (AHR).  
The current study focuses mostly on health outcomes and related health factors, which 
vary significantly among the above three states with remarkably different health. The objective 
of this study is to create a knowledge base for researchers, policymakers and community leaders 
and other stakeholder, to reduce health disparities thorough different types of programs and 
policies. According to the America's Health Rankings Mississippi is the least-healthy state in the 
U.S, Virginia maintains almost a middle ranking in the nation's health, and Hawaii earns the 
honor of healthiest state in America. The need to better understand the state health, and 
especially the factors that shape and drive it, will lead to proposals for better performance 
assessment. Comparing a variety of factors which might help explain the U.S. health disparities 
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are now increasingly important to national and state policymakers, general public, economists, 
and researchers (Braveman, et.al, 2011). 
Are there any differences in health outcomes among the three states: Mississippi, 
Virginia and Hawaii? What factors contributes to these differences? Does higher public health 
spending lead to better health outcomes for the citizens of these three states? This research 
attempts to answer these questions.   
Disparities in mortality across the U.S. states, each consisting of millions of Americans, 
are enormous. Researchers have documented disparities in different measures of mortality by 
race, income, education, and other categories (Wong, Shapiro, Boscardin, & Ettner, 2002; Singh 
& Yu, 1995). Murray et al. (2006) find a huge life expectancy gap between different groups of 
Americans. For instance, they report that the life expectancy gap between urban black males and 
Asian females to be around 20.7 years. The observed disparities in life expectancy/mortality 
cannot be explained by race, income, or basic health-care access and utilization alone. Since 
policies aimed at reducing fundamental socioeconomic inequalities are currently, for all practical 
purposes, absent in the US, health disparities will have to be at least partly addressed through 
public health policies that reduce risk factors for chronic diseases and injuries. Alder and 
Newman (2002) attribute disparity in health mainly to socioeconomic status (SES). They argue 
that SES has three determinants of health: health care, environmental exposure, and health 
behavior. To reduce SES disparity in health, the health policy initiatives should address ways to 
reduce gaps in income, education, and occupation.  
 
Statement of Research Importance  
Even though all states have moved in a direction towards better health outcomes, 
considerable variation still exists in state-level health outcomes including rates of death from 
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cancer and cardiovascular diseases, as well as infant mortality and premature rates. A simple 
glance at the annual America’s Health Rankings highlights this variation. There are still large 
differences between the healthiest states and the least healthy states. The differences in health 
vary considerably by the state. While some of this variation can be attributed to differences in 
socioeconomic, environmental and health related behavior factors, variations in state policies 
that are undertaken to achieve specific healthcare goals also play an important role in health 
outcomes. Simply put, states differ in how they choose to spend public funds on health, which 
impacts state-level health outcomes. In fact, there is a scarcity of research on what factors 
influence population health outcomes among three states: Mississippi, Virginia and Hawaii 
which are among the least, average and healthiest states in America, respectively.  
Mississippi is a state in the southern region of the United States and has a population of 
approximately 3 million. Mississippi is among the top unhealthiest state in the country and has 
ranked 49th or 50th for 25 out of the 27 years since America's Health Rankings has published the 
rankings. Mississippi ranked 48th in the remaining two years. Mississippi has a high 
prevalence of smoking and low birth-weight and 34 percent of children are living in poverty— 
the highest level in the U.S., according to the latest AHR report (2016). 
 Virginia is located in the South or Southeast region of the United States or in the mid-
Atlantic region. It is known as "Old Dominion”, one of the oldest occupied English settlement in 
Untied States. It is also considered to be the city of "Mother of Presidents", because eight U.S. 
presidents were born there, more than any other state. The United States Census 
Bureau estimates that the state population was 8,411,808 on July 1, 2016. Since the initiation of  
the American Health Ranking's report in 1990, Virginia mostly ranks around the middle.  
According to the American Health Ranking's report, Virginia has improved its position from 21st 
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in 2015 and now places 19th among fifty other states in 2016. What this report reveals is that in 
the past year, smoking decreased 15% from 19.5% to 16.5% of adults and immunizations among 
children aged 19 to 35 months decreased 13% from 73.7% to 64.4% and preventable 
hospitalizations decreased 37% from 69.3 to 43.6 discharges per 1,000 Medicare enrollees. The 
state ranks 29th for senior health and 12th for the health of women and children.   
Hawaii is the 50th and most recent state to join the United States of America -- in August 
21, 1959. The Hawaii population on 2015 was 1,431,603 according to the U.S. Census Bureau. 
Hawaii has consistently been a steady high contender in the top six states since the initiation of 
the rankings in 1990, due to its low prevalence of both smoking and obesity; a low percentage of 
children in poverty; small disparity in health status by education level; and low rates of 
preventable hospitalizations, cancer deaths and cardiovascular deaths. 
There are very few scientific studies that have investigated the effect of public policy on 
health outcomes. The contribution of this study is that it attempts to determine the effect of 
different variables on health outcomes such as environmental, health system and policy, 
socioeconomic factors, and behavioral factors among the least healthy, average and healthiest 
states. The findings from this study will explore the size and nature of the health outcomes’ gaps 
among these three states: Mississippi, Virginia and Hawaii and what drives those differences. 
This information can also help state policy makers to address health gaps and a chance to design 
policies that lead the healthiest life possible for their citizens. The empirical findings of health 
outcomes research could potentially provide important fact-based information to policy makers 
who in turn could use this information to develop policies that would lead to improvements in 
the health care system and ultimately to the health of Americans. The proposed work will 
develop and advance the understanding of a population health approach. The findings from this 
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study should help policy makers to make better-informed decisions in the area of health related 
public policies. The ultimate goal of population health policy would be to highlight the 
determinants of health outcomes and direct resources and policies toward improving population 
health. Previous researchers have suggested different frameworks for population health planning. 
Kindig, Asada and Booske, (2008) suggest a framework that has five major determinants: 
Medical care, Individual behavior, Social environment, Physical environment, and Genetics. 
They argue that although different researchers have assigned different weights to these 
determinants, this is ultimately an empirical question. This study is the first study to attempt to 
shed some light on this important policy question. This study has the potential to highlight the 
factors that contribute to better health outcomes for the population. Additionally, it would apply 
multiple strategies to act on the determinants of health and facilitates integration of knowledge as 
a basis for collaboration across levels and sectors and increase accountability for health 
outcomes. A wide range of mechanisms can be employed to engage citizens about taking a part 
in improving their health by policy makers in both the public and private sectors. 
Kindig, et al. (2008) argue that there is a well-known substantial variation in health 
determinants across the 50 U.S. states. It is of substantial value to policy makers to investigate 
what health determinants contribute most to health outcomes of different states. This study will 
provide solid empirical evidence for state policy makers to make necessary investment in their 
portfolios for health improvement of their citizens based on key health determinants in the least 
healthy, average and the healthiest states.  
However, there are no agreed upon standards for how to define and measure health 
outcomes. Some researchers argue that the health outcomes definition should focus on the role of 
social and economic forces in conjunction with biological and environmental factors that shape 
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the health of the population ( Kreuter, & Lezin, 2001). While others argue that this definition 
should focus on population health as a goal of achieving improvements in health that are 
measurable (Kindig, 2007).   
 
Research Objectives and Questions 
The research questions that this work attempts to shed lights on are: (1) what factors 
influence the population health outcomes among three states: Mississippi, Virginia and Hawaii – 
 as the least healthy, average and healthiest states, respectively? (2) What factors have the largest 
causal impact on health outcomes among Mississippi, Virginia and Hawaii? For instance, would 
these states more spending on health lead to better health outcomes? These are important 
questions that the answers would help policy makers to direct and allocate resources to improve 
their population. The U.S. spends more on healthcare than any other country, in terms of both 
public dollars and private dollars, yet it has lower life expectancy and mortality rate than other 
developed countries (Squires & Anderson, 2015). In the U.S. only 34 percent of residents were 
covered by public programs while in the U.K. every resident is covered by the public system. 
While the public spending on health care in the U.S. was $4,197 per capita, in the U.K., this 
figure was $2,802 in 2013 (Squires & Anderson, 2015). 
Understanding why public spending on healthcare has or has not had a strong effect on 
reducing mortality is crucial to designing public policy. The results of this analysis should 
provide some guidance on where policymakers need to focus on their efforts to improve the 
health of their citizens for whom they are responsible. Spending on public health programs 
allows states to proactively implement preventive and education programs for improving health.  
It is estimated that spending on public health programs represents only about 2% of all health 
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care spending, however, it has substantial impact (Richardson, 2012). Mays & Smith (2011) 
shows that increased public health spending is associated with decreased mortality from such 
preventable causes of death such as cardiovascular disease, diabetes, and cancer.  Research by 
Trust for America’s Health shows an investment of a dollar invested in public health per person 
yields $5.60 return on investment.1 Public health funding for behavioral or environmental 
interventions can contribute as much, if not more, toward improving health outcomes than 
medical care funding. A study by Robert Wood Johnson Foundation shows that low-income 
communities experience the largest health and economic benefits from increased local public 
health spending.2   
 
Theoretical Approach and Overview of Methodology  
  This study attempts to include a wide variety of variables that influence health outcomes 
where health outcomes are measured by different mortality rates. This study also proposes a 
theoretical model that depicts how socioeconomic factors, environmental and behavioral factors, 
as well as public policy factors, influence health outcomes among the least healthy, the average 
and the healthiest states. We design empirical models to test our hypotheses consist of multiple 
regression models as well as Vector Autoregressive Models (VAR) with embedded Granger 
causality that are capable of detecting causality among the variables included in the model. VAR 
models have been in use for a couple of decades in economics, however, the usefulness of these 
models in detecting causality and forecasting has expanded their use to many fields ranging from 
																																																						
1	Prevention for a healthier America: investments in disease prevention yield significant savings, 
stronger communities. Trust for America’s Health. 2011.	
2	Return on investments in public health: saving lives and money. Policy highlight brief 2013. 
Robert Wood Johnson Foundation. http://www.rwjf.org/en/library/research/2013/12/return-on-
investments-in-public-health.html. Accessed June, 2016.	
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finance to biometrics. The main focus of this dissertation is to empirically analyze the 
relationship that exists between health determinants and health outcomes among the least healthy 
state (Mississippi), the middle-ranked state (Virginia) and the healthiest state (Hawaii), as 
measured by American Health Ranking (AHR). Premature death, cancer death, cardiovascular 
death, and infant mortality are used as proxies for health outcomes. Our independent variables, to 
measure what factors influence health outcomes, are divided into four categories: behavioral 
factors, environmental factor, socioeconomic factors, and policy factors. The measures of our 
independent variables for health behavior are smoking, excessive drinking, obesity and physical 
inactivity. The measure of environmental factor is air pollution. Education, change in personal 
income, unemployment rate and income disparity are included in this study as the measure of 
socioeconomic that affect dependent variables (health outcomes). The measures of policy factors 
are health insurance and public health funding. 
Therefore, this study uses multiple regression models in order to measure the impact of 
independent variables on health outcomes. For more in depth study of the casual relations 
between health outcomes and our independent variables, Vector Auto Regression Model (VAR) 
with embedded Granger causality is used. 
The data for this analysis are chiefly obtained from the American Health Rankings 
Organization. American Health Ranking provides state-by-state statistics on behaviors, 
community and environment, policy and clinical care. It provides an annual assessment of the 
nation’s health on a state-by-state basis. The data are the result of a partnership between United 
Health Foundation and the American Public Health Association. The Centers for Disease Control 
and Prevention provides national vital statistics such as mortality rate, and causes of death data. 
The study period is 1990-2015 for all states based on ranking developed by American Health 
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Rankings. The well-known America’s Health Rankings has four determinant categories with 
weights established by an expert panel. The weights currently assigned are 36% for personal 
behaviors, 25% for community environment, 18% for public and health policies, and 21% 
clinical care (Kindig, Peppard & Booske, 2010).   
 
Organization of this Dissertation  
 This dissertation is presented in five chapters: This first chapter provides an overview of 
population health outcomes and the research problem and study objectives, outlines the general 
approach to the study, and discusses the importance of the research and its relevance to the field 
of public administration and policy. Chapter two provides a comprehensive review of literature 
in “population health” and “health outcomes.” Chapter three presents the models, data 
description, and the selected methodologies. Chapter four presents the empirical results of the 
study. Chapter five provides a summary of the purpose, methodology, and results that address 
each of the research questions. Then, conclusions will be discussed based on researcher insights 
gained regarding study findings. In addition, the chapter discusses the limitations of the study 
and directions for future research.  
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CHAPTER 2  
LITERATURE REVIEW 
Population Health Definition and Concept  
There is no universal and agreed-upon definition of population health and there is a 
considerable debate whether public health and population health are the same thing and the terms 
could be used interchangeably (Kindig, 2007). Population health has different meaning in 
different disciplines and fields that has led to many terms such as health outcomes, health 
disparities, health risk factors, and health determinants (Kindig, 2007). However, there is no 
disagreement on the importance of population health for policymakers, both in public and private 
sectors. Improving public health and reducing health disparity is and should be an essential goal 
of policymakers. 
 Evans, Barer, & Marmor (1994) provide a framework for investigating what factors 
derive population health. In their framework, population health is defined as health outcomes and 
the distribution of it across different segments of a population. Kindig and Stoddart (2003) 
extend this framework and assert that there are a number of factors that influence health 
outcomes such as medical care, physical environment, socioeconomic status and genetics.  
Policymakers influence health determinants over the life course by their policies and 
interventions at the individuals and population levels. Their model provides enough flexibility 
for possibilities of policy changes and interventions caused by unforeseen events such as the 
future of genetic engineering.  
 Rose (1992) argues that in order to understand and grasp principles of public health, one 
should recognize that the society is not just a collection of individuals but it is also a 
“collectivity” by itself where the behavior and health of the society are influenced by the health 
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and behavior of its individual members. In this framework, the societal behaviors can be 
influenced by either changes in behavior of its individuals (policymakers and health educators) 
or changes in the economy, the environment, or technology.   
  Kindig (2007) contends that the term population health is a combination of population 
and health that have their own distinct and important meanings. In contrast to individuals 
themselves, population is a group of individuals and has many different unit of analysis.  While 
interventions such as medical care usually focuses on individuals, population health policy and 
research focuses on the aggregate health population that is organized into geographic units such 
as cities and states or other characteristics such as ethnicity, religion, or membership in health 
organizations. Kindig (2007) maintains that this distinction is important since many health 
determinants’ effects (education, air quality, immunization, Medicare policy) are at a group level 
and because health differences across groups (gender, race) are as important to population health 
outcomes as the differences between individuals. In this framework, population health research 
should take into account system variables that affect individuals while its focus is on the health 
of the population as a group while the focus of the research is not on the individuals themselves.  
He argues that health is also described in many different ways.  While the meaning of health may 
have negative implications such as the absence of disease, the modern definition of health 
emphasizes its positive characteristics such as wellness and well-being. 
 
Differences and Commonalities in the Definition of Population Health 
There seems to be a confusion in the literature on the population health by itself.  Kindig 
(2007) argues that this confusion seems to arise from two different definitions. One is defining 
population health as a field of study of health determinants, and the other is health outcome. 
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Kreuter (2001) point out that one definition focuses on the role of social and economic forces in 
conjunction with biological and environmental factors that shape the health of the population. 
Another definition focuses on population health as a goal of achieving improvements in health 
that are measurable. Kindig (2007) favors the second definition where population health is 
defined as “the health outcomes of a group” and its distribution within a group. Within this 
definition, the populations could be geographic regions (communities, cities, states, nations) or 
ethnic groups, employees, and disabled people. No matter how the populations are defined, they 
are relevant and important to public and private policymakers (Kindig & Stoddart, 2003).  
Although this definition might be considered too broad it has the advantage of focusing primarily 
on the measurement of health and health outcomes which guides the researcher to focus on the 
impact of each determinant on health outcomes and its distribution across population groups. 
Dunn and Hayes (1999) provide a similar definition for population health. They contend that 
population health encompasses a range of issues and should be measured by health status 
indicators which are influenced by a number of factors such as economic, social, physical 
environments, personal health practices, human genetics, and health services.  
Aday (2005) presents a similar definition of population health and argues that the 
research in this area from a variety of disciplines has failed to address the determinants of health.  
Aday (2005) introduces a framework for identifying and evaluating population health which 
takes into account fundamental social, economic, and ecological determinants of population 
health and advocates interdisciplinary research in this area.  This perspective is similar to that of 
Kindig’s definition of population health as “the aggregate health outcome of health adjusted life 
expectancy of a group of individuals in an economic framework that balances the relative 
marginal return from multiple determinants of health” (Kindig, 1997, p. 47).  He argues that 
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although accountability concerns demand for emphasizing on outcomes it should not be at the 
expense of understanding what derives such outcomes, i.e., health determinants. Frank (1995) 
provides a similar definition and defines public health “the health of the public,” and calls for a 
shift of our attention to the primary determinants of “health in human population.”  He claims 
that much of government public health activities do not have such a broad mandate (medical care 
and education) and are outside of public health authority and responsibility and, therefore, little 
attention is paid to traditional and emerging public health functions. 
Lomas (2000) and Lavis et al. (2002) argue that since the goal of population health is 
improving health, it requires a coordinated attention and action of multiple actors and 
stakeholders (legislators, managers, care providers, and individuals).  In that context, the transfer 
of knowledge requires close collaboration and partnership between academics and professionals.  
Kindig and Stoddart (2003) take this discussion further and state that population health should 
also require attention to the resource allocation which links determinants to outcomes. Given the 
above discussion, they define population health as a concept of health where the concern should 
be “the health outcomes of a group of individuals, including the distribution of such outcomes 
within the group” (Kindig and Stoddart, 2003, p.381). In their definition, the groups or 
populations not only include geographical regions such as nations, states, cities but can also be 
other groups such as employees or ethnic groups where these groups are significant and relevant 
to policymakers. They argue that in their definition, determinants of health such as medical care 
system and social and physical environments impact individuals that are part of the population.  
They believe that their definition of health outcomes is much more far-reaching than a narrower 
term such as “health status” that often used in the literature.  Health outcome is a measure over a 
period of years rather than health status which is a point in time, they contend. Thus, they argue 
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that “the development and validation of such measures for different purposes is a critical task for 
the field of population health research” (Kindig and Stoddart , 2003, p. 381). They understand 
that their definition may be criticized on the grounds that it is too broad and includes everything 
to the point that is not useful to guide either policy or research. They defend their broad 
definition of population health because it forces policymakers and advocacy groups to focus on 
population health across determinants rather than focusing on a single sector or disease. Overall 
health is the responsibility of both private and public sector, they argue. 
 
Relationship Between Individual and Population Health 
 
 Arah (2009) argues that population health is an emerging field and the term “population 
health” is a new and “fashionable” term in the medical and clinical field. Arah (2009) attributes 
the dichotomy between individual health and population health to the field of clinical medicine 
and argues that, however, this relationship is dynamic and may not be identifiable without 
“informative contextualization” within each other. In other words, an individual’s health should 
not be considered in isolation from their environment and communities and socioeconomic 
factors such as where they were born, raised, and other health determinants (Arah, 2009). The 
differentiation and dichotomy between personal health and population health is dominant 
throughout the literature and can be traced back to the polarizing approaches of individualism 
and collectivism in the field of social science (Dawson & Verweij, 2007).  
Population health is more than sum of individuals’ health.  Population health takes a 
more holistic view, implicitly or explicitly, and includes reducing disparities and inequities and 
emphasizes on health promotion and disease prevention as well as on interventions. This is the 
view taken by ACA where the expansion of primary health care training, requirements that 
		
18	
private health plans and Medicare provide specific preventive services recommended by the U.S. 
Preventive Services Task Force. A provision in the ACA also allows for Medicaid expansion to 
provide preventive services for children, which is consistent with the above definition of 
population health. Another provision in the ACA aims at promoting community- 
and population-based activities, including the establishment of the National Prevention, Health 
Promotion and Public Health Council, which has already produced the mandated National 
Prevention Strategy (DHHS 2011) as well as a new Prevention and Public Health Fund. 
 
Population Health Outcomes 
Outcome is a term that is widely used in various public health disciplines, but its 
conceptualization is challenging as terminology is used inconsistently across literature. It may be 
difficult to determine precisely whether it refers to an achievement, a result, a goal, an objective, 
an indicator or a performance measure. Some researchers use goals and objectives as 
interchangeable; others use outcomes and objectives as the same.  
Improving overall population health and reducing disparities within the population are 
two broad outcome goals of many health improvement models at al, 2008). Achieving these 
goals will require investment in the determinants of health using policies and interventions that 
influence these determinants (Kindig & Stoddart, 2003). However, if careful attention is not 
devoted to the outcomes that we are trying to achieve, attention to determinants and policies 
could proceed without reference to the final goals. In fact, they become ends rather than a means 
to an end (Kindig et al., 2008).  
As mentioned above, the concepts of general population health outcomes differ from 
health status of an individual or population. There is also a difference between measuring health 
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outcomes and health status. Health status of an individual or population is focus on health at a 
point or narrow period of time. It is measured as morbidity or some indicator of a health-related 
quality of life (Kindig, 2007). Population health outcomes on the other hand, can be defined as 
an approach that emphasizes on interrelated conditions and factors that affect the health of 
populations over the life course. The two basic measurements of population health outcomes are 
Mortality and life expectancy (Kindig & Stoddart, 2003; Parrish, 2010). 
 
Population Health Framework 
Kindig and Stoddart (2003) attempted to clarify the outcomes component of population 
health model, which was derived from the field model of Evans, et al., (1994). Health population 
outcome components are displayed in the left hand side of the Figure 1 taken from Kindig and 
Stoddart (2003).  
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Source: Kindig and Stoddart 2003.  
 
The model demonstrates that population health outcomes are different from determinants. 
While some conceptual frameworks combine outcomes and determinants components together 
which in turn may lead to difficulties for researchers and confusion on the part of the 
policymakers.  
The authors consider mortality and health-related quality of life as the two components 
for overall or mean population health. As shown in the figure, different subgroups such as 
gender, race and ethnicity, socioeconomic status (SES) and geography are associated with 
population health disparities in both mortality and health-related quality of life. It is important to 
note that specific mortality reduction goals that are often proposed for increasing population 
mean can be different from reducing inequality (Graham 2004). However, the relative 
importance among these sometimes-competing goal is based on the value choice for different 
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nations, states, or policy purposes to make. Some may attention more on years of life rather than 
quality of those years.  
Additionally, Kindig (2007) argues that the definitional clarity of disparity is challenging. 
He points out that there is not a simple agreed-upon definition of the disparity whether it means 
just inequality or whether it incorporates the ethical connotation of being unjust. Some scholars 
have expressed disparity in terms of inequality (Asada, 2005), whereas others have considered 
disparity as injustice ( Braveman, 2006, Williams, Mitchell, & Thomson, 2006). Similarly, it is 
important to recognize which domains of inequality are being considered, for example, some 
identify and prioritize socioeconomic disparities as the most important while some focus on 
disparities by gender and geography. 
 
Population Health Outcome Measures  
Population health outcomes measurement has been identified as one of the most 
important activities in making informed judgments about value for our health care investment, 
assessing the effectiveness of an intervention and identifying effective practices. These measures 
can provide useful information for policymakers and managers to know whether or not their 
programs are effective and to help them collect more information in support of continuous 
improvement of services. For example, policy maker may want to know whether providing more 
parks and recreation facilities provide opportunities for physical activity and lead to more active 
lifestyles and less obesity and eventually improved health outcomes and even reduced health 
care costs. It can be also very useful for the decision makers to clarify what works for whom in 
what context given the wide variations in communities and populations. A greater focus on 
health outcome measures would improve health and reduce the growth of health care costs. 
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Health outcome measures may provide good reason for reallocation of existing resources and to 
spend less on health care and more on social, economic, and environmental factors which, are 
more influential determinants of population health than health care (McGinnis, Williams-Russo, 
& Knickman, 2002). 
How should population health outcomes be measured? What is the ideal measure?  
Parrish (2010) sheds some light on these fundamental questions. He states that an ideal 
population health is multi-dimensional; it should reflect well-being, whether physical, mental, or 
social. This measure should reflect positive outcomes (being alive, physical, social and mental 
well-being) as well as negative outcomes (death, loss of functions and deteriorating well-being).  
However, there are factors that prevent one from achieving a state of health. These factors might 
include diseases and injuries. Parrish (2010) prefers a metric that can be measured and the data is 
available for analysis. This metric could be life expectancy from birth or age-adjusted mortality 
rate, changes in life expectancy or mortality rate, or self reported health measures. This metric 
should be available for the overall health of a population as well as its distribution among 
subgroups of a population (geographic, economic, and demographic). 
 There are basically three measures of population health outcomes (Parrish, 2010). The 
first measure is based on aggregating averages or medians from individual health outcomes. The 
second measure is concerned about the distribution of health outcomes among specific 
population subgroups. The third measure focuses on the well-being of the population or society, 
not individual members. This is the preferred measure, according to Parrish, since it focuses on 
the societal level that benefits everyone in the society. However, this measure is not well-
understood, it is complex, and not appreciated by the researchers and policymakers. For instance, 
the societal-level condition may be related to social, economic, and environmental policies.  
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Stiglitz, Sen, and Fitoussi, (2010) point out that environmental conditions are important for 
sustainability and their effect on the quality of life populations. These factors affect human 
health directly (air, noise, and water pollution) and indirectly (climate change, biodiversity loss, 
and overall health of ecosystem). Measuring these effects, however, are complex since they 
occur over time and affect different individuals differently. Stiglitz et al (2010) state that even 
though much progress have been made to measure these external factors, the fact remains that 
these measures reflect the aggregate quantities of various pollutants rather than the share of 
people exposed to them. They suggest that researchers develop measures that could reflect, for 
instance, premature death caused by air pollution. 
 Parrish (2010) recommends two measures of broad health outcomes: mortality and life 
expectancy.   
Mortality  
Mortality rate is defined as the number of deaths that occur in a population during a 
period of time. It may be expressed as either crude death rates or death rates specific to diseases 
and sometimes to age, sex, and other attributes (Turnock 2011). Mortality is a crucial public 
health indicator for a number of reasons. Most importantly, it is the final and most definite health 
outcomes for many public health issues. Poor health leads to higher mortality in a population, 
which is easily defined and measured. There are different measures of mortality rate such as 
infant mortality rate, age specific mortality rate and cause-specific mortality rate. The most 
common measure of health across populations is age-specific and age-adjusted mortality rates. 
One of these widely accepted measure of mortality is premature deaths. This measure takes into 
account death that occurred before a person reaches an expected age of 75.  Mortality rate can be 
also calculated across different populations groups based on sex, race, or geographic area. Infant 
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mortality rat is another frequent measure of a population health and the quality of health care. 
The infant mortality rate is defined as the death of a baby before his or her first birthday, 
expressed per 1000 live births (Kochanek, Murphy, Xu, & Arias, (2014). Infant mortality is often 
used as an indicator to measure health outcomes during the first year of life, because factors 
affecting the health of entire populations such as their economic development, general living 
condition, the quality of environment can also impact the mortality rate of infants (Reidpath, & 
Allotey, 2003, Mathews, & MacDorman, 2006). Cardiovascular diseases, and cancer affect large 
fractions of the population and have been the leading causes of death for many decades (Cooper, 
et al., 2000). In the United States, separate data collection efforts are ongoing for cancer and 
cardiovascular death which are preventable death through healthy lifestyle changes (i.e. smoking, 
diets, physical activity) along with better use of healthcare resources. 
 
Life Expectancy 
Life expectancy is generally measured and reported in two ways: 
• Life expectancy at birth: Number of years that a newborn is expected to live if current mortality 
rates continue to apply.  
• Life expectancy at age 65: Number of years of life remaining to a person at age 65 if current 
mortality rates continue to apply. 
 
Life Expectancy at Birth 
Life expectancy at birth is a common health outcome measure for comparing population 
health across countries as well as within countries (WHO, 2014). Life expectancy at birth is 
commonly used to identify disparities among populations. Harper, Lynch, Burris, and Davey 
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Smith (2007) utilized U.S. vital statistics data to evaluate the gap in life expectancy between 
blacks and whites. Meara, Richards, and Cutler (2008) used life expectancy at birth to assess 
disparities in life expectancy among non-Hispanic, blacks, and whites.   
 
Life Expectancy at Age 65 
Life expectancy at age 65 can be used as a general indicator of the overall health of those 
over 65, as well as the quality of, and access to, health care services among the elderly. Life 
expectancy at age 65 is also an indicator that can be used to examine inequalities in health 
outcomes across populations (states).  
 Although mortality and life expectancy are common measures of health, they do not 
provide any information about causes of death such as diseases, injuries, and other causes 
(poverty, diet, and social causes). Thus, other measures of causes of death are also used in the 
literature (Parrish, 2010). Researchers from different disciplines such as epidemiology, 
environmental science, public health, and social sciences have been working on the relationship 
between different types of causal factors and population health.  Epidemiologists generally focus 
on proximate causes of death such as disease, injury, biological, and behavioral risk factors while 
social scientist are primarily interested in the relationship between the more distal factors as well 
as other components of well-being. However, casual factors links may also be investigated 
across disciplines. Mosley and Chen (1984) try to link the epidemiology and social sciences 
fields by investigating longitudal research for child mortality. Murray and Lopez (1997) extend 
on Mosley and Chen (1984) research by investigating all causes of mortality and disability in a 
comparative risk analysis framework.  
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  Mathers et al (2002) identify two approaches in causal attribution of health determinants: 
categorical attribution and counterfactual analysis. Categorical attribution links a disease to death 
by investigating one single cause based on a set of rules.  Each death is assigned to unique cause 
according to the International Classification of Disease (ICD), for instance, HIV, tuberculosis, 
cancer, or hearth disease. The major shortcoming of this approach is the lack of measures for 
other causes of death such as physiological, proximal or distal risk factors (Matehrs et al, 2002).  
This approach attempts to link the change in one variable and change in outcomes. 
 The counterfactual approach focuses on investigating a combination of factors that cause 
an outcome (death). In this approach, health outcomes are compared to some counterfactual 
factor where the level of causal variable is changed. Counterfactual analysis could be very 
simple or complex. Murray and Lopez (1997) suggest this analysis could be performed where the 
researcher compares a summary measure of population health currently observed to an 
alternative (counterfactual) distribution of risk factors that would have been observed under a 
different scenario. Counterfactual analysis is widely used for the assessment of specific policies 
or assessment of the contributions of diseases, injuries and other risk factors to population health.  
 
Summary Measures of Population Health 
 Both policymakers and researchers have been increasingly interested in estimation of 
healthy life expectancy. The popularity of these measures stems from the fact that they are easily 
understood and can be used to measure both the level of and change in the well-being of a 
population. These measures combine mortality and nonfatal health outcomes to reflect measure 
health of a particular population as a single numerical index (Parrish, 2010). These measures 
reflect the reduction in life expectancy caused by disability and other measures of poor health.  
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These measures seem to be particularly appropriate for the older population where the mortality 
has been declining but the concern is the extension of life may not be equivalent to the extension 
of healthy life. These measures are useful tools for health planning and health-related policy 
decisions. There are a variety of these measures available including health-adjusted life 
expectancy and expected years of healthy life under various definition of health.3 There are a 
range of potential applications of these measures such as: comparing population health among 
different populations, comparing the health of a population at different points in time, and 
identify overall health inequalities among populations (Murray, Salomon, & Mathers, 2000). 
Despite wide-spread use of these measures, some researchers have argued that these measures 
are not informative on the level of population health; and only information on the incremental 
costs and benefits of intervention are relevant inputs in decision making (Williams 1999; 
Mooney, Irwig, & Leeder, 1997). The disagreements on the usefulness of these measures for 
population health seem to center mostly on the methodological issues rather than the 
appropriateness of these measures.  Murray et al. (2000) argue that these survey-based measures 
are not appropriate for comparison across populations and groups. For comparison across groups, 
the researchers suggest other metrics for the distribution of health in a population. The 
distributions of health outcome measures are appropriate for geographic, demographic, social 
status – wealth, ethnicity, sex, and education attainment (Parrish, 2010). Parrish (2010) argues 
that the more appropriate measures of the distribution health include measures of inequality 
(Gini index) and measures based on ranking (concentration index).   
 
																																																						
3	Molla MT, Madans JH, Wagner DK, Crimmins, EM. Summary Measures of Population Health: 
Report of Findings on Methodological and Data Issues, National Center for Health Statistics. 
Hyattsville, Marland. 2003.  
		
28	
Attributes of Good Health Outcome Measures 
What are attributes of good health metrics?  Larson and Mercer (2004) argue that a good 
indicator should be well-defined, valid, feasible and provide information that is useful for 
decision making and can be used for various level of a population (local, national, and 
international).  Wold (2008) assessed 35 of health indicators currently in use and grouped them 
into four categories: general health (divided into sate and local), quality of life, health system 
performance, and “other.” However, a few of 35 indicators are outcome measures (Parrish, 
2010).  Among these few are infant mortality rate, age-adjusted mortality rate, years of potential 
life lost, life expectancy at birth that could be used for the population health outcome metrics. 
For the U.S. population, morality rate is the most reliable measure of health outcomes provides 
by the National Vital Health Statistics System (NVSS) and the data is available at the national, 
state and county levels. NVSS also provides life expectancy at birth by sex and race at different 
levels of population.    
 Parrish (2010) concludes that there is not a single measure that could reflect the health of 
the nation. However, at the population level, he recommends life expectancy from birth or 
adjusted mortality rate. These measures are readily available and can capture trends and 
geographic as well as demographic variations. He states and life expectancy is more easily 
communicated and understood by the public than mortality rates. Other metrics that provide 
information on the distribution of health are useful in measuring inequality in health for different 
geographic and demographic populations. Parrish recommends measures that “combine 
information on death and nonfatal health outcomes” – such measures are health adjusted life 
expectancy and healthy life year.  They have the advantage of being simple and parsimonious 
and are easily communicated to the public (Parrish, 210). 
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 This study utilizes different mortality measures as health outcomes. These measures are: 
premature death, cancer death, cardiovascular deaths, and infant mortality. The choice of these 
variables is due the data availability for all the states in the U.S.  Murray (1988) argues that the 
infant mortality rate is most popular measure of health status and is widely used in medicine, 
economics, sociology, geography, and other fields. He argues that there are two major reasons 
for the popularity of measure.  First, it is highly correlated with other age specific mortality rates.  
Thus, it serves as a dependable proxy measure of life expectancy or other measures of mortality 
rates. Second, Murray argues, infant mortality is preferable to aggregate measure of mortality 
because it is more sensitive to changes in socioeconomic environment.  
Determinants of Health 
  What factors drive the people’s health? This question has seen a growing interest from 
the researcher and policymakers. The United States spends more than any developed countries 
on health per capita, however, it lags behind these countries as indicated by many health 
indicators. One emerging theme in the literature is that what undermines this high spending in 
the United States is low investment in social services and other nonclinical factors such as 
education and income disparity. The factors that influence health are generally referred to as 
health determinants. The literature identifies five broad categories of health determinants. These 
determinants are: genetics, behavior, social and economic conditions, environmental conditions, 
and health care (Solar & Irwin 2007). Social determinants of health refer to determinants that are 
nonmedical factors which influence health (Braveman, et al., 2011). These factors may include 
income, education, family structure, physical environment and social institutions. Recent 
research suggests that there are other factors beyond these five categories that affect health such 
as stress and psycho-social conditions. The research in the health field have been looking for 
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ways to measure stress and its impact on health outcome. This line of research is still evolving, 
and there is no single measure for exposure to stressful experiences since experience of stress is 
subjective. 
 CDC has developed a model that focuses of the role of social determinants of health and 
defines these determinants as complex, integrated, and overlapping social structures that societal 
factors that influence health outcomes.4 The model propose, that social determinants of health 
are shaped by distribution of money, power, and resources which are themselves influenced by 
policy choices.  
Health outcomes can be measured and compared across socioeconomic status (income 
and education), race and ethnicity, and geographical location where health can be measured and 
defined in different ways such as mortality, life expectancy, health expenditures, and health 
status (McGovern, Miller, & Hughes-Cromwick, 2014). The authors assert that there is an 
increasing awareness among researchers that factors such as education and income have major 
impacts on health. Wolfson et al. (1999) state that, for adults ages 45-64, the mortality rate is 2.5 
times lower for persons in the highest level of education compared to those of persons in the 
lowest level.   
In summary, researchers have concluded that our health prospects are shaped by our 
experience in five domains (McGinnis, et al., 2002, Solar & Irwin 2007).  These five domains 
include: (1) behavioral factors, (2) environmental conditions, (3) social and economic conditions, 
(4) health care and (5) genetics.  
 
 
																																																						
4 U.S. Department of Health Services. Health People 2020, 2009, U.S. Government Printing 
Office. 
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1. Behavioral Factors 
Behavioral risk factors such as smoking was acknowledged when the U.S. General 
(1964) reported that smoking and other individual and social behavior have great impact on 
health (Elders, 1997).  Scientific research has clearly established the link between personal 
health behaviors (obesity, smoking, drinking, illicit drugs) to chronic disease morbidity and 
morality.   
Murray et al. (2013) argue that despite progress in improving health and life expectancy 
and spending the most per capita on health care across all countries, the U.S. lags behind other 
developed nations in gains in overall population health. The authors contribute the slow progress 
in the U.S. to the lack of universal health coverage. The hazardous effects of smoking on 
mortality from cancer, respiratory, and cardiovascular diseases have been established for several 
decades. Exposure to secondhand smoking is associated with adverse birth outcomes as well as 
many other diseases. Smoking and exposure to secondhand smoking is known as the cause of 6.3 
million deaths annually in the world (Ezzati & Riboli, 2103).  Another behavioral risk factor is 
alcohol consumption and binge drinking which raises the risk of injuries, cardiovascular, and 
liver diseases. Excessive drinking is attributed to 2.7 million deaths globally (Ezzati & Riboli, 
2103). Many studies have also shown that obesity and excessive weight is responsible for 
increased mortality rate, diabetes, heart disease, cancer, kidney disease, and osteoarthritis.  
2. Environmental Factors 
Maintaining a healthy environment is essential to human health. A large body of work 
reveals the effects of the environmental factors such as air, water and chemical exposures, 
climate change, soil pollution, and ultraviolet radiation on human health. A number of studies 
demonstrate the effects of exposure to particulate matter including solid particles and liquid 
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droplets found in the air on cardiovascular disease and respiratory mortality and morbidity 
(Brook et al., 2010, Genc, Zadeoglulari, Fuss, & Genc, 2012, Mills et al., 2009, Goldberg, 2008, 
Tzivian, 2011).  
Exposure to air pollutants has been linked to diseases of the central nervous system 
(CNS) and neurodevelopmental disorders (Genc et al., 2012). Across countries, studies have also 
shown a consistent inverse relationship between the particulate matter and mortality. For 
example, Parker and colleagues, in a recent review of the International Collaboration on Air 
Pollution and Pregnancy Outcomes in Australia, Brazil, Canada, France, Italy, the Netherlands, 
South Korea, the United Kingdom, and the United States, find a consistent inverse relationship 
between airborne particulate matter and birth weight (Parker et al., 2011a).  Studies conducted in 
several cities in the United States also report an association between daily changes in 
concentration of ambient particulate matter and mortality. Other researches have also shown the 
evidence linking lead exposures to cognitive development in children (Levin et al., 2008, Samet 
et al., 2002).  
Environmental factors in the United States pose health risks for everyone, particularly in 
low-income populations and in communities of color (Evans & Kantrowitz (2002), Mott, 1995). 
Morbidity and mortality attributable to air pollution continues to be a significant public health 
risk, therefore, environmental health must address environmental factors that increase the 
likelihood of exposure and disease. The evidence of environmental effects of air pollution on 
mortality has raised concerns about public health regulatory decisions aimed at reducing levels 
of these pollutants in the environment. 
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3. Social and Economic Conditions 
Research shows that health is tremendously influenced by education, employment, 
income, poverty, housing, and crime. There is an increasing awareness that nonclinical factors 
such as these have a major impact on health outcomes. A review study by Mackenbach (1996) 
indicates that medical and clinical care were responsible for only around 15% of preventable 
mortality in the U.S. while behavioral factors that are strongly shaped by social factors, including 
income and education have a much higher impact. Other researchers have reached similar 
conclusion, i.e., socioeconomic factors such as income and education are the fundamental causes 
of variation in health outcomes (McGinnis & Foege, 1993). 
Education 
A large body of studies shows that heart disease and cancer mortality rates are higher 
among lower education (Howard, Anderson, Russell, Howard, & Burke, 2000).  Similar findings 
have been reported for Canada and Europe (Mao, Hu, Ugnat, Semenciw, & Fincham, 2001).  
Miech, Pampel, Kim, and Rogers (2011) examine the link between mortality and education 
disparity among adults between ages of 40 to 64 years old. They find that almost all causes of 
death with increasing mortality rates were related to education disparities. They conclude that 
policymakers need to identify social forces that cause health disparities across populations.  
Steenland, Henley, and Thun, (2002) show that there is a link between mortality rates and 
education for patient with coronary heart disease, diabetes, and lung cancer. Warren (2016) 
conducts a comprehensive study investigating socioeconomic inequalities in childhood and 
future inequality in adult health.  He concludes that growing inequalities in children’s social and 
economic conditions will lead to greater inequalities in adults’ morbidity and mortality. In his 
theoretical model, education affects adult socioeconomic circumstances, working conditions, 
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health behavior, and psychological well-being, which altogether would influence adult health.  
Warren tests his model by using data from the Wisconsin Longitudinal Study (WLS) to test his 
model.  He finds that health and education are positively correlated although this relation may be 
indirect through sets of mediators of the effects of childhood social and economical conditions 
on subsequent life outcomes including adult health. However, he admits that the evidence 
presented in his research is limited and call for more research to be done on this topic. Lleras-
Muney (2005) provides an empirical evidence that seeks to establish causal effect of education 
on mortality.  The author finds that there is a direct effect of compulsory schooling on mortality 
during adulthood, “one more year of compulsory schooling decreased mortality after age 35 by 
about 3%,” (Lleras-Muney, 2005, p.215). Montez, Hummer, and Hayward (2012) utilize data 
from National Longitudinal Mortality Study for non-Hispanic white and black adults aged 25–
100 for the period of 1979-1988.  They find that a linear decline in mortality risk from 0–11 
years of education, followed by a decline in mortality upon attainment of a high school diploma.  
There is a vast literature supporting the link between mortality and education attainment.  
Montez & Barnes (2016) extend this analysis and find that the mortality benefits of education are 
generally largest for adults, especially women, who have other resources such as employment. 
Income 
  Many studies also have shown that an increase in income inequality leads to higher death 
(Wolfson, et al., 1999).  In a well-cited study, Kaplan, Pamuk, Lynch, Cohen, and Balfour (1996) 
examine the relation between health outcomes and income. They find that the relative equality of 
income distribution is significantly associated with various health outcomes such as mortality 
over the life span. They conclude although their results do not prove that income inequality 
causes poor health, their results are important enough to make further research in this area a high 
		
35	
priority.  
Kawachi and Kennedy (1997) argue that the face of an overwhelming evidence that 
income inequality is strongly related to mortality and life expectancy in the U.S. and elsewhere, 
critics have argued that the choice of indicator may have influenced these findings. The authors 
use cross-sectional data test the relationships of six different income inequality to total mortality 
rates and find that there is little evidence to suggest that the choice of indicator would have any 
effect on the negative relation between income inequality and the mortality rates.      
 Wilkinson and Picket (2006) provide a comprehensive review on the evidence of the 
relation between population health and income inequalities.  They identify 168 analyses in 155 
papers examining this relationship. They report that of 168 analyses, 87 were wholly supportive, 
44 partially supportive, and 37 were unsupportive of the significant positive associations 
between income inequality and population health.   
 In a recent paper, Pickett and Wilkinson (2015) argue that although the body of evidence 
strongly suggests that income inequality affects population health and wellbeing, there is a lack 
of epidemiological and other scientific criteria for causality among these studies. The authors 
conduct a multilevel model controlling for the effects of country income and estimate the 
correlation of death rate with some income inequality measures. The authors focus on income 
inequality and its relationship to health in a cross sectional study of rich developed countries.  
Their measure of income inequality is the ratio of incomes among the richest compared with the 
poorest 20% in each country. For the health measure, they use and index that combines data on 
life expectancy, obesity, infant mortality, and other measures. The authors conclude that there is 
no association between average levels of income (GDP per capita) and measures of health such 
as life expectancy, however, within these countries there are strong associations between income 
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and life expectancy.   
 The extensive body of literature clearly indicates that there is a casual link between 
income inequality and health, domestically and internationally. The small numbers of studies that 
find no association seem to use an inappropriate measure, the inclusion of control variables, and 
the use of subjective rather than objective measures of health (Picket & Wilkinson, 2015). 
 
4. Health Care 
What should be the role of government in improving the health of their populations?  
How should they invest for the future? Improving population health should be a primary 
objective of any government. Governments respond to this by policies that aim for providing 
medical care, encouraging their citizens to engage in healthier personal habits, and eliminating 
health inequality among their citizens. In the U.S., efforts to improve health have been 
traditionally focused on the health care system as the main driver of health outcomes.  The ACA 
is a prime example of this. It is designed to improve health by expanding access to health 
coverage and supporting reforms to health care systems. However, the research shows that 
improving populations’ health should also focus on achieving health equity, which requires 
policies that address social, economic, and environmental factors that influence health outcomes.  
  
Health Policy and Health Expenditure  
Healthcare sector and health spending is a major part of any developed economy.  
Healthcare industry is a major source of employment for highly skilled professional in every part 
of the country.  In the U.S., total spending on healthcare is nearly 18% of GDP (Squires, 2012).  
Modern medicine and medical technologies lead to innovations and that bring about improved 
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health and higher life expectancy. A major part of healthcare sector is publicly funded. In the 
U.S. public funds are mainly directed to healthcare through programs such as Medicare and 
Medicaid.  The U.S. spends over $8,000 per capita on health (the closest country is Norway with 
$5,500 per capita, Squires, 2012). Despite spending more than any other country on health care 
per capita, the U.S. has the highest rate deaths among developed countries. 
  
Population Health in the Affordable Care Act  
The Patient Protection and Affordable Care Act (PPACA), also known as the Affordable 
Care Act (ACA), is a United States federal statute signed into law by President Obama on March 
23, 2010.  It is considered to be the most significant regulatory overhaul of the U.S. healthcare 
system since the passage of Medicare and Medicaid in 1965.5 The Affordable Care Act (ACA) 
takes significant steps towards addressing population health in different ways.  
The ACA’s major goal is to make health insurance coverage more affordable for those 
who do not have insurance, at the same time, provide more secure and reliable health for those 
who have insurance. The ACA is designed to expand health insurance to moderate-and low-
income Americans. It also takes important steps toward changing services for Medicare and 
Medicaid by reducing spending and improving quality of the care delivered. The ACA is hoped 
to bring down skyrocketing healthcare costs that have put a strain on individuals, families, 
employers, and the Federal budget. The ACA seeks to increase access to high quality at lower 
costs through healthcare innovation as well as the establishment of National Strategy for Quality 
Improvement, CMS Center for Medicare and Medicaid Innovation, and establishment of the 
																																																						
5 Samora, J.B. and C.M. Hettrich. 2010. Where the candidates stand on health care. Rosemont, 
Ill.: The American Academy of Orthopedic Surgeons. Retrieved from 
www.Aaos.org/news/aaosnow/ 
oct12/advocacy2.asp. 
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Patient-Centered Outcomes Research Institute. The strategic objectives for Medicare & Medicaid 
Services (CMS) are also major focus of the ACA. CMS’ role has been further expanded beyond 
the traditional role of administering the Medicare, Medicaid and Children Health Insurance 
(CHIP) Programs.  The law requires that CMS coordinate with States to set up Health Insurance 
Marketplaces, expand Medicaid, and regulate private health insurance plans.6 The ACA greatly 
expanded the Agency’s role and responsibilities by effectively tasking CMS to lead the charge to 
provide high quality care and expand access to affordable health for all Americans.This 
expansion has multiple objectives which include: (a) growth in CMS’ traditional base, (b) 
improvement in health care innovation and reduction in health disparities, (c) the establishment 
of Affordable Insurance Marketplaces. An important provision of the act focuses on the 
promotion and implementation of Accountable Care Organizations (ACO) with the responsibility 
for population health outcomes. ACOs are groups of doctors, hospitals, and other health care 
providers, with the objective of providing coordinated high quality care to the Medicare patients 
they serve. The ultimate responsibility for implementing many of the ACA provisions rest with 
the Department of Human and Health Services (HHS). The HHS strives to strengthen and 
modernize the U.S. health care system in order to improve patient outcomes, promote efficiency 
and accountability, ensure patient safety, and work toward high-value health care, according to 
the department's website. 
What is the impact of the ACA on the “population health?”  First and foremost, the ACA 
expands insurance coverage through the individual mandate and Medicaid expansion with the 
goal of improving health which a critical component of population health. The law also should 
																																																						
6 CMS Strategy: The Road Forward 2013-2017; 
https://webcache.googleusercontent.com/search?q=cache:7ApgagnBge0J:https://www.cms.gov/
About-CMS/Agency-Information/CMS-Strategy/Downloads/CMS-
Strategy.pdf+&cd=1&hl=en&ct=clnk&gl=us 
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affect the quality of healthcare delivered through different organization such as National Strategy 
for Quality Improvement, CMS Center for Medicare and Medicaid Innovation, and 
establishment of the Patient-Centered Outcomes Research Institute (Stoto, 2013).   The ACA 
also seeks to enhance prevention and health promotion measures through the implantation of 
ACOs.  An important set of provisions in the ACA promotes the establishment of community-
and population-based activities, including the National Prevention, Health Promotion and Public 
Health Council.  As the result, the mandated National Prevention Strategy (DHHS 2011) is 
created and a new Prevention and Public Health Fund authorized that provides funding for Com-
munity Transformation Grants (Stoto, 2013).    
 What should be the research agenda for “population health?”  Healthcare, like any other 
field, increasingly recognizes the importance of evidence-based practice. Policymakers need to 
know, for instance, that whether spending more on providing recreation centers leads to improve 
public health due to increase in physical activities. Organizations such as the Agency for 
Healthcare Research and Quality (AHRQ) have begun to provide well-developed concepts of 
quality and performance measurement for health care service providers, but as Stoto (2013) 
argues there is a need to focus on “the identification of the relevant “denominator,” for instance, 
going from patient encounters in a fixed time period to enrolled populations to geographically 
defined populations.” (p. 5).  
 With increasing focus on population health outcomes that can be achieved through better 
public health, addressing the determinants that are thought to be most responsible for good health 
requires policy makers to work together across all sectors, public and private, and at the federal, 
state, and local level.  
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5. Genetics 
       The blueprint of our lives is formed when we are conceived which determines our size, 
shape, and personalities and to some extent the biologic limit of our life expectancies. Changes 
in the course of our lives occur that affect certain cells as a result of our exposure during the life 
cycle. For instance, our environment can alter the genetic coding system that could cause 
abnormal regulated cell growth. Although scientists have concluded that a small percentage of 
deaths may be attributed to purely genetic diseases, the exposure to environment and lifestyle 
factors triggers the genetic coding signals that may lead to certain diseases (obesity, cancer, and 
mental disorders). There is little doubt that genetic factors affect some segment of populations 
more than others.  For instance, sickle cell disease is known to affect people when both parents 
carry the gene. It is also known that the gene is most common in people with ancestors from 
African countries. Other examples of genetic social determinants of health are the BRCA1 and 
BRCA2 gene, which increases risk for breast and ovarian cancer, and family history of heart 
disease, among others. There is no doubt that genetic factors influence population health.  
However, the research shows that its contribution to overall health and health disparity is 
secondary to social and environmental factors in the United States (Smedley, et al. 2002). Family 
history (inherited genetics) coupled with a vast array of cultural and socioeconomic factors are 
thought to be a good predictor of individuals’ health. However, separating genetics from all other 
factors that influence individuals’ health is a difficult task, if not impossible, that yet to be 
achieved.  
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A Model of Health Outcomes and Hypotheses Testing 
This study proposes a comprehensive model that takes into account many variables that 
influence health outcomes. The following model for determining the factors that affect the health 
outcomes is utilized. 
Health Outcomes = f (Behavioral Factors, Environmental Factor, Socioeconomic 
Factors and Health System & Policy)  
 
In the above model, the dependent variable is health outcomes. The ultimate measure of 
health outcomes is mortality. This study uses several measures of mortality (Premature Death, 
Infant Mortality, Cardiovascular Deaths, and Cancer Deaths). 
 
Health Related Behavior Factors 
Health related behavior factors contribute significantly to health outcomes of individuals 
and society as a whole. These factors include but not limited to smoking, excessive drinking, 
obesity, and physical inactivity. Smoking is the US’s leading cause of preventable death, 
contributing to 480,000 deaths annually.7 Smoking and exposure to secondhand smoke cause 
many diseases and cause respiratory disease, heart disease, stroke, cancer, and premature death.  
Excessive alcohol consumption can lead to fetal damage, liver diseases, hypertension, 
cardiovascular diseases, and other major health problems. 
																																																						
7	Behavioral Risk Factor Surveillance System, 2014  
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 It is estimated that almost one-third of U.S. adults are obese. Obesity contributes to an 
estimated 200,000 deaths yearly and is a leading factor in such preventable conditions as heart 
disease, stroke, cancer, hypertension, liver disease, kidney disease, and many other diseases.8  
It is estimated that physical inactivity is responsible for 1 in 10 deaths yearly and is 
associated with increased risk of coronary heart disease, diabetes, hypertension, obesity, certain 
cancers, and premature death.9  Poor health related behaviors would lead to a higher mortality 
rate. Thus, we hypothesize that: 
H1  – A higher smoking rate leads to a higher mortality rate. 
H2  – A higher excessive drinking rate leads to a higher mortality rate. 
H3 – A higher obesity rate leads to a higher mortality rate. 
H4– A higher percentage of the population who are physically inactive leads to a higher  
 
mortality rate. 
 
Environment Factors 
The above-proposed model states the environment directly influences health outcomes. 
The measure that this study uses for the environment is air pollution. Air pollution causes many 
health problems and is linked to increased respiratory symptoms, decreased lung function, 
asthma, chronic bronchitis, irregular heartbeats, and heart attacks.10 The health effects of air 
pollution are colossal. Particle pollution - especially fine particles - contains microscopic solids 
or liquid droplets that are so small that they can get deep into the lungs and cause serious health 
																																																						
8 www.americashealthrankings.org/ALL/Obesity  
 
9 www.americashealthrankings.org/ALL/Sedentary  
 
10 https://www3.epa.gov/airtrends/2011/report/coverandtoc.pdfEPA-454/R-12-001 February 
2012  
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problems. Numerous scientific studies have linked particle pollution exposure to a variety of 
problems such as premature death in people with heart or lung disease, heart attacks, irregular 
heartbeat, aggravated asthma, decreased lung function, and increased respiratory symptoms 
(Kampa & Castanas, 2008).  
The Environmental Protection Agency (EPA) estimates that asthma affects 7.1 million 
children; its direct medical costs total $50.1 billions yearly, while lost productivity adds another 
$6.1 billions annually (www.epa.gov/asthma). A better healthier environment should lead a 
higher life expectancy or lower mortality rate. Thus, this study hypothesizes that 
H5 - A higher air pollution leads to a higher mortality rate. 
 
Socioeconomic Factors 
Socioeconomic factors should also directly influence health outcomes. These factors 
include education, income disparity, personal income per capita and unemployment rate. This 
study hypothesizes that education is directly related to health outcomes. Studies have shown 
that College graduates’ life expectancy longer than those who did not complete high school. 
Individuals with more education are less likely to smoke, drink excessively, or be overweight or 
obese. Higher education is directly linked to higher earning potential and better employment 
opportunities, which allow for access to healthier food, health insurance, medical care. A 
better-educated population would have a lower mortality rate. 
Previous research has shown that health outcomes are directly influenced by income and 
inversely related to unemployment rate. Income disparity has also been shown to negatively 
affect health outcomes.  
H6 – A lower school graduation rate leads to a higher mortality rate. 
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H7 – A higher per capita income leads to a lower mortality rate. 
H8 – A higher unemployment rate leads to a higher mortality rate. 
H9 – A higher income disparity leads to a higher mortality rate. 
 
Health System and Policy Factors 
Another set of factors that influence health outcomes is the health system and policy 
factors. These factors include public health expenditures per capita and lack of health insurance.   
We hypothesize that higher public health expenditure leads to a better health outcomes.  
Although this issue is passionately debated in political arena – the U.S. spends more than any 
nation on health but is not among the healthiest nations (Squires, 2012). Thus, the question of 
whether higher government spending would result in a better population health could be an 
empirical question that this research hopes to shed some lights on.  As far as the states are 
concerned, public health funding allows states to proactively implement preventive and 
education programs that improve health. Although public health program spending represents 
only a small fraction of all health care spending, yet its impact can be considerable. Increased 
spending on public health programs is associated with a decrease in mortality from preventable 
causes of death.  
 State public health programs are funded through a combination of federal, state, and local 
dollars.  The first source of federal funding is through CDC allocations to states.  Approximately 
75% of CDC’s budget is distributed to states. These funds are used to support a wide range of 
public health programs.  Federal funding provided to states is based on a population and grant 
programs.  The average CDC allocation per capita was $20.01 in 2014 with Alaska having the 
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highest allocation ($50.09) and Indiana with the lowest allocation ($15.14).11  The second source 
of federal funding is from The Health Resources and Services Administration (HRSA).  HRSA 
distributes approximately 90 percent of its funding in grants to states and territories, public and 
private healthcare providers, health professions training programs and other organizations. The 
average per capita dollars allocated to states was $23.44 in 2014 with Alaska with the highest 
allocation ($87.39) and Nebraska with the lowest allocation ($23.44).  State funding for public 
health varies widely across the states.  The median state investment in public health was ($31.06) 
while Hawaii has the highest allocation ($156.01) and Nevada with the lowest allocation ($3.59).  
There are approximately 2,800 local health departments in the United States serving a diverse 
assortment of populations ranging from less than 1,000 residents in some rural jurisdictions to 
around eight million people, as in the case of the New York City Department of Health. In  2005, 
the median local public health spending was $29.57 per capita, while funding ranged from an 
average of $8 per person in the lowest 20 percent of communities to nearly $102 per person in 
the top 20 percent of communities.12 The American Recovery and Reinvestment Act of 2009 
(H.R.1) provides an unprecedented level of increased investment toward revitalizing and 
modernizing the public health system.  Funding public health programs is essential to improving 
the health and the productivity of the nation’s workforce.  
At the state level, there is a wide variation in state health funding provided by states. 
Trust for America’s Health (TFAH) reports that from FY 2013-14 to FY 2014-15 sixteen states  
decreased their public health budget and six states had decreased their health budgets for three or  
																																																						
11	Investing in America’s Health: A State by State Look at Public Health Funding and Key 
Health Facts, 2015. Trust for America’s Health, Robert Wood Johnson Foundation. 
12	I bid.		
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more years in a row. 13  TFAH reports that the median state funding for public health was $33.50 
per person, ranging from a low of $4.10 in Nevada to a high of $220.80 in West Virginia.  The 
median state funding per capita in 2015 is almost the same as the median per capita state 
spending in 2008 ($33.71), adjusted for inflation this represents a cut of $1.2 billion. This study 
hypothesizes that: 
H10 – A higher level of public health funding leads to a lower mortality rate. 
Individuals without health insurance have more difficulty accessing the health care 
system, participating in preventive care programs than those with health insurance. The 
individuals without health insurance will have more unmet health needs that may develop into 
more serious conditions. They more likely end up in emergency room visits that can be much 
more costly than treatment in a clinic.  It is estimated that individuals without insurance have a 
25% greater risk of mortality compared with those who have health insurance.14 Thus, this study 
hypothesizes that: 
H11 – A higher parentage of the population without insurance leads to a higher mortality 
rate. 
 
Outcome Variables 
Four outcome variables are utilized in our models. These outcome variables are 
premature death, cancer deaths, cardiovascular deaths, and infant mortality. Premature death is 
defined as the difference between the age of death and age 75. Premature death reflects the 
deaths that are more likely to be preventable than senior deaths and often indicate health care 
system failures and/or lifestyle factors. Cancer deaths in the U.S. are second causes of death. The 
																																																						
13 http://healthyamericans.org/report/126/. 
 
14 American Community Survey, 2013 to 2014 . 
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most common types of cancer in the US are breast, prostate, and lung. Nearly 1.7 million new 
cancer cases and 589,430 cancer deaths occur annually.15 Cardiovascular deaths that are caused 
by heart disease and strokes are the U.S. leading death causes.  Infant mortality is an indicator of 
maternal health, prenatal care, and access to quality health care. The U.S. infant mortality rate is 
higher than that of other developed countries and there is a disparity due to racial and 
geographical factors.16 
 
Trends in Factors that influence health outcomes 
  In this section we review the trends in some of the determinants of health that affect 
health outcomes for the states of Mississippi, Virginia, and Hawaii based on the America’s 
Health Ranking reports.   
Obesity - Adult obesity in Mississippi has increased dramatically over the past 25 years, 
up from 15.0% in 1990 to 35.5% in 2016; and is expected to increase significantly in the next 20 
years (State of Obesity: Better Policies for a Healthier America, 2015).17 The F as in Fat: How 
Obesity Threatens America’s Future, a report from Trust for America’s Health and the Robert 
Wood Johnson Foundation, suggests Mississippi’s obesity rate could reach 66.7% by 2030 
(2012). According to the Mississippi Center for Obesity Research, there is a 40% increase in 
medical costs per year in an obese person over a non-obese person. In 2008, Mississippi spent 
$925 million in health care costs directly related to obesity and if this trend continues; it is 
																																																						
15	www.americashealthrankings.org/ALL/CancerDeaths  
16	www.americashealthrankings.org/ALL/IMR  
17	http://healthyamericans.org/report/115/ 
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estimated that obesity related health care costs will be $3.9 billion in 2018. 18  Figure 2.1 depicts 
obesity trend in Mississippi. 
 
Figure 2.1: Time trend for obesity rate in Mississippi. 
 
 Policy makers recognize the obesity epidemic in Mississippi and they have put together an 
action plan to deal with this issue.19 This action plan has multiple goals that include: 
• Improve state and local capacity and support to address physical activity and healthy 
eating.  
																																																						
18	https://www.umc.edu/Administration/Centers_and_Institutes/Mississippi_Center_for_Obesity 
_Research/Obesity_in_Mississippi.aspx	
19	http://msdh.ms.gov/msdhsite/_static/resources/6164.pdf	
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• Increase workplace awareness of the obesity issue and increase the number of 
worksites that have environments that support wellness, including weight 
management, healthy food choices, physical activity, and recreational support.  
• Increase support for the promotion of healthy eating and physical activity within 
Mississippi’s health care system and among health care professionals.  
Obesity in Virginia has also been on the rise.  Obesity trend in Virginia follows a similar 
pattern to the U.S. obesity rate.  
  
 
 
Figure 2.2: Time trend for obesity rate in Virginia 
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Figure 2.2 above shows the time trend for obesity rate in Virginia.  Virginia's adult 
obesity rate is currently 29.2 percent, up from 18.7 percent in 2000 and from 11.3 percent 
in 1990.   Hawaii which is ranked in the first place as the healthiest state, also faces a 
similar problem as Mississippi and Virginia – an uptrend in obesity rate (see Figure 2.3).   
 
    Figure 2.3: Time trend for obesity rate in Hawaii. 
 
		
51	
Hawaii has the third lowest adult obesity rate in the nation, Hawaii's adult obesity rate is 
currently 22.7 percent, up from 15.7 percent in 2000 and from 8.9 percent in 1990.  
 
Smoking – Smoking rate in Mississippi has been on the decline following the same 
pattern as the U.S. However, the rate of decline has been slower than the U.S. rate.  
Currently, Mississippi is ranked 47 in the nation in smoking rate. The smoking rate in the 
state has declined from nearly 33 percent in 1990 to 22.5 percent in 2016. Figure 2.4 
shows the time trend in smoking rate in Mississippi.   
 
Figure 2.4: Time trend in smoking rate in Mississippi.   
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Virginia’s smoking rate has been on the decline since 1990, following the same trend as 
the average in the U.S.  Currently, Virginia with 16.5 percent smoking rate is ranked 20 
in the nation. 
 
 
Figure 2.5: Time trend in smoking rate in Virginia.  
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Hawaii’s smoking rate is below the average in the U.S. and has been on the 
decline since 1990.  Hawaii is currently ranked in the 8th place in the nation with 14.1 
percent adult smoking rate. 
 
 
Figure 2.6: Time trend in smoking rate in Hawaii.  
 
Air Pollution  - Air pollution is an important aspect of the physical environment that 
impacts health. Air pollution is widespread, affects a large number of people, and can 
have severe health effects, especially on young children and older adults. The graph 
below (Figure 2 .7) shows that the air pollution in Mississippi has been on the fall since 
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1990 and currently is lower than the U.S. average. Mississippi is ranked 25th in the nation 
in terms of air pollution. 
 
Figure 2 .7: Trend of the air pollution in Mississippi. 
 
Virginia air pollution has followed the same pattern as Mississippi and is below the U.S. 
average (see Figure 2.8).  Virginia is ranked 18th in the country in terms of air pollution.   
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Figure 2 .8: Trend of the air pollution in Virginia. 
 
The graph below (Figure 2.9) shows that the state of Mississippi has been successful in 
reducing air pollution – following the same trend as the U.S. average – while the state of 
Hawaii’s air pollution has been on the rise since 2009.  However, there is still a gap between 
these two states.  A study by Lin, et al. (2014) finds that air pollution from Asia has been rising 
for several decades but Hawaii had seemed to escape the ozone pollution that drifts east with the 
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springtime winds, however, with climate change, authors have found that shifts in atmospheric 
circulation explain the upward trends in Hawaiian ozone pollution. 
All in all, our results for all three 
 
Figure 2.9: Comparison of the air pollution in Mississippi and Hawaii. 
 
High School Graduation – in terms of high school graduation, state of Mississippi is 
ranked 47th in the nation and has a graduation rate of 75.4 percent. Although the state has 
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made some progress in high school graduation rate since 1990, but it still falls below the 
U.S. average of 85 percent (see Figure 2.10).  
 
Figure 2.10: High school graduation in Mississippi. 
 
Virginia’s high school graduation rate remained stable over the time period of this study 
and is slightly higher than the nation average. Virginia is ranked 20 in the country in 
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terms of high school graduation rate. Figure 2.11 depicts the trend in high school 
graduation rate over 1990-16 time period relative to the U.S. average.  
 
Figure 2.11: High school graduation in Virginia. 
The graph below shows high school graduation rate for the state of Hawaii relative to the 
U.S. average over the years. The state had a significantly higher high school graduation 
rate in the early 1990s, however, this rate has fallen over the years and currently is below 
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the U.S. average.  In terms of high school graduation rate, the state ranks 33 with a 
current graduation rate of 81.6 percent.  
 
Figure 2.12: High school graduation in Hawaii. 
 
Summary  
This study will utilize data from the states of Mississippi, Virginia and Hawaii which are 
considered as the least, average and healthiest states in the U.S., respectively – to investigate the 
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effect of different determinants on health outcomes. These determinants include variables such 
as health related behavior factors, environmental, socioeconomic and health system and policy. 
The methodology employed includes multiple regressions as well Vector Autoregressive (VAR) 
models to investigate the causality between the above determinants and health outcomes. The 
model developed is presented in figure 2.13 below.  
 
Health Related Behavior Factors 
Smoking 
Excessive Drinking  
Obesity  
Physical Inactivity  
 
 
Environment Factors 
Air Pollution 
 
Socioeconomic Factors 
Education 
Income disparity 
Personal income per capita  
Unemployment rate 
 
 
 
Health System and Policy Factors 
Public health expenditures per capita  
Lack of health insurance 
 
 
 
 
Figure 2.13 Model of Factors Affecting Health Outcomes  
Outcome Variables 
Premature death 
Infant mortality 
Cancer deaths 
Cardiovascular deaths 
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As depicted in the figure above, this dissertation will test the following hypotheses:  
H1 – A higher smoking rate leads to a higher mortality rate. 
 
H2 – A higher excessive drinking rate leads to a higher mortality rate. 
 
H3 – A higher obesity rate leads to a higher mortality rate. 
 
H4 – A higher percentage of the population who are physically inactive leads to a higher 
mortality rate. 
 
H5 – A higher air pollution leads to a higher mortality rate. 
 
H6 – A lower school graduation rate leads to a higher mortality rate. 
 
H7 – A higher per capita income leads to a lower mortality rate. 
 
H8 – A higher unemployment rate leads to a higher mortality rate. 
 
H9 – A higher income disparity leads to a higher mortality rate. 
 
H10 – A higher level of public health funding leads to a lower mortality rate. 
 
H11 – A higher parentage of the population without insurance leads to a higher mortality rate. 
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CHAPTER 3 
 MODEL, DATA AND METHODOLOGY 
 
This chapter discusses the data that are used for the study, as well as operationalize the 
dependent variable and each of the independent variables. The various statistical tests and 
general analysis plan for the study is discussed followed by limitations of the study.		
	
Data Sources 
Data for this study are mainly obtained from American Health Rankings Organization.  
American Health Ranking provides state-by-state statistics on behaviors, community and 
environment, policy and clinical care. It provides an annual assessment of the nation’s health on 
a state-by-state basis. America’s Health Rankings® Annual Report has analyzed a 
comprehensive set of behaviors, community and environmental conditions, policies, and clinical 
care data to provide a holistic view of the health of America. It is the result of a partnership 
between the United Health Foundation and the American Public Health Association. Center for 
Disease Control and Prevention provides national vital statistics such as mortality rate, and 
causes of death data.  The tables 3.1-3.5 provide a summary of the variables used in this study 
and the sources.  We obtained the data for the period of 1990-2015 for all the states. 
 
Independent Variables  
The independent variables included in this study test several hypotheses that may explain 
the differences in health outcomes among the states. The factors that may affect the independent 
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variables are health related behavior, environmental factors, socioeconomic factors and health 
system & policy. Tables 3.1-3.4 describe our measures of independent variables. 
 
Dependent Variables  
This study uses four dependent variables to understand the effect of different variables on 
health outcomes. These outcome variables are premature death, cancer deaths, cardiovascular 
deaths, and infant mortality. A full list and description of the dependent variables is provided in 
Table 3.5. 
Table 3.1 - Behavior Data 
Measures Description Source 
Smoking Percentage of adults who are self-
reported smokers (smoked at least 100 
cigarettes in their lifetime and currently 
smoke) 
 
Behavioral Risk 
Factor 
Surveillance 
System 
Excessive 
Drinking 
 
Percentage of adults who self-report 
either binge drinking (consuming more 
than 4 [women] or more than 5 [men] 
alcoholic beverages on a single occasion 
in the last month) or chronic drinking 
(consuming 8 or more [women] or 15 or 
more [men] alcoholic beverages per 
week 
 
Behavioral Risk 
Factor 
Surveillance 
System 
 
Obesity 
 
Percentage of adults who are obese by 
self-report, with a body mass index 
(BMI) of 30.0 or higher 
 
Behavioral Risk 
Factor 
Surveillance 
System 
 
Physical 
Inactivity 
 
Percentage of adults who self-report 
doing no physical activity or exercise 
other than their regular job in the last 30 
days 
Behavioral Risk 
Factor 
Surveillance 
System 
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Table 3.2 - Environment Data 
Measures Description Source 
Air Pollution Average exposure of the general 
public to particulate matter of 2.5 
microns or less in size (PM2.5) 
Environmental 
Protection 
Agency 
 
 
Table 3.3 - Socioeconomic Data 
Measures Description Source 
High School 
Graduation 
(ACGR) 
 
Percentage of high school students 
who graduate with a regular high 
school diploma within 4 years of 
starting ninth grade 
 
National Center for 
Education Statistics 
 
Personal 
Income 
Per capita personal income in 
dollars 
US Bureau of 
Economic Analysis 
 
Unemployment 
Rate 
Percentage of the civilian labor 
force that is unemployed (U-3 
definition) 
 
 
US Bureau of Labor 
Statistics 
 
Income 
Disparity 
 
A value of 0 represents total income 
equality, and 1 indicates complete 
income inequality (Gini coefficient) 
 
US Census Bureau 
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Table 3.4 - Policy Data 
Measures Description Source 
Lack of Health 
Insurance 
 
Percentage of the population that does 
not have health insurance privately, 
through their employer, or through the 
government 
 
American 
Community Survey 
Public Health 
Funding 
 
State dollars dedicated to public 
health and federal dollars directed to 
states by the CDC and the HRSA 
Trust For 
America’s Health 
 
 
 
Table 3.5 - Outcome Measures 
Measures Description Source 
Premature 
Death 
Number of years of potential life lost before 
age 75 per 100,000 population 
National Vital 
Statistics System 
Cancer Deaths 
 
Number of deaths due to all causes of cancer 
per 100,000 population 
National Vital 
Statistics System 
Cardiovascular 
Deaths 
 
Number of deaths due to all cardiovascular 
diseases including heart disease and strokes 
per 100,000 population 
National Vital 
Statistics System 
Infant Mortality 
 
Number of infant deaths (before age 1) per 
1,000 live births 
 
National Vital 
Statistics System 
 
Unit of Analysis  
The unit of analysis refers to the major entity that is being analyzed in a study. The 
American states serve as the unit of analysis for the research. Health varies considerably between 
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states and there is so much difference in the health of residents in one state compared to other 
states. Thus, states present a useful unit of analysis in attempting to understand what factors 
contribute to these differences. The state is also ideal for this analysis because of the ability to 
compare easily different variables such as environmental, health system and policy, 
socioeconomic, and health related behavior factors. Therefore this research examines the factors 
that may explain the differences in health outcomes among three states. 
Methodology 
In order to investigate the relationship between our outcome measures of health outcomes 
and different categories of independent variables, we use multiple regression models. For more 
in depth study of the casual relations between health outcomes and our independent variables, we 
utilize Vector Auto Regression Model (VAR) models with embedded Granger causality. 
 
Multiple Regression Models 
In order to investigate the association between health outcomes and health behavior, the 
following regression model is used in this study, 
(1)    Health Outcomest = a0 + a1 Smokingt + a2 Excessive Drinkingt + a3 Obesityt + a4 
Physical Inactivityt  + et 
where  Health Outcomes is a measure of our dependent variables that are described in Table 3.5.  
The measures of our independent variables for health behaviors are described in Table 3.1. We 
hypothesize that the signs for all as in our equation to be positive and statistically significant. In 
other words, we hypothesize that the rise in the percentage of people who smoke, drink, obese, or 
physically inactive will affect the health outcomes. Thus, we expect a1 to be positive.  Following 
the same logic, we expect a2 to be positive, i.e., the higher the percentage of people who engage 
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in excessive drinking is associated with higher mortality rates.  a3 and a4 should also be positive 
following the same logic. 
To investigate the relation between the health outcomes and environment, we use the following 
regression model, 
(2)      Health Outcomest = b0 + b1 Air Pollutiont + et 
We hypothesize that b will have a positive sign, i.e., there is positive relation between air 
pollution and different measures of health outcome.  The independent variable Air Pollution is 
described in Table 3.2.   
 
To measure the relation between socioeconomic factors and health outcomes we utilize the 
following regression model, 
(3)     Health Outcomest = d0 + d1 High School Graduationt + d2 D Personal Incomet + d3 
Unemployment Ratet + d4 Income Disparityt ++ et 
 
Equation (3) describes the relation between our health outcome measures and different 
socioeconomic factors that are described in Table 3.3.  We hypothesize that health outcomes are 
negatively related to education (d1), change in personal income (d2), and positively correlated to 
unemployment rate and income disparity, d3 and d4, respectively. 
 
 Our final regression model shows the relationship between health outcomes and policy 
factors. 
(4)  Health Outcomest = f0  + f1  Lack of Health Insurancet + f2  Public Health 
Fundingt + et 
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We hypothesize that f1 to be positive, i.e., the rise in percentage of the population that does not 
have health insurance privately, through their employer, or through the government is associated 
with rise in mortality rates. We also hypothesize that increases in public health funding is 
negatively associated with health outcomes (mortality), i.e. we expect f2 to be negative. 
Vector Auto Regression Model (VAR) 
Macro-econometricians have always been looking for models that are capable of finding 
the structural relations between macroeconomic variables, provide forecasts, and advise 
policymakers. They used a range of models with many equations to perform these functions.  
However, these models were not very successful in performing the tasks mentioned above until 
VAR models were developed by Sims (1980). Sims’ VAR model is an n-equation, n-variables 
linear model where each model is explained by its own lagged values, plus current and past 
values of other n-1 variables. 
The Vector Autoregression (VAR) model is one of the most successful, flexible, and easy 
to use models for the analysis of multivariate time series. It is a natural extension of the 
univariate autoregressive model to dynamic multivariate time series. The VAR model has proven 
to be especially useful for describing the dynamic behavior of economic time series and for 
forecasting. It often provides superior forecasts to those from univariate time series models and 
elaborate theory-based simultaneous equations models. Forecasts from VAR models are quite 
flexible because they can be made conditional on the potential future paths of specified variables 
in the model. The VAR model is also used for structural inference and policy analysis. In 
structural analysis, certain assumptions about the causal structure of the data under investigation 
are imposed, and the resulting causal impacts of unexpected shocks or innovations to specified 
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variables on the variables in the model are obtained. These causal impacts are usually 
summarized with impulse response functions and forecast error variance decompositions.  In the 
field of economics, VARs are widely used to trace out of the effect of monetary policy on the 
economy. Bernanke, Boivin, & Eliasz (2005) assert that these models generally deliver 
empirically plausible assessment of monetary policy innovations on macroeconomic variables 
and have great policy applications. The use of VAR in detecting causality has recently been 
extended to other fields such as genomics (Opgen-Rhien & Strimmer, 2007). The authors find 
that a causal network based on the vector autoregressive (VAR) process are a promising 
statistical tool for modeling regulatory interactions in a cell. 
 The application of VAR models and Granger causality models have recently been 
extended to the field of healthcare. Devlin and Hansen (2001) use Granger causality to examine 
the exogeniety of GDP as the determinant of aggregate healthcare spending which in theory it 
could be bi-directional. The authors argue that the standard models of aggregate healthcare 
spending may be misspecified and using regression models could yield biased and inconsistent 
estimators. 
The model we propose for finding causal links between health-outcome measures and different 
factors that influence these outcomes is  
(5)                 !t = λ + "!	$ − &'()* + 	ℰ	$  
where Yt is a vector of k x 1 that contains health outcome measures (mortality) and other 
variables that might influence these measures, y is a k x k vector parameters matrices and e is a 
vector white noise process with the traditional assumption that Et-1[et] = 0. 
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Limitation 
 
The major limitation of this study is lack of adequate datasets to make policy-oriented 
health analysis across such broad determinants categories. The effects of determinants on health 
outcomes, for most part, are not immediate and may take many years to influence health 
outcomes. This requires access to long historical datasets across all the states. Although our 
dataset for states is the longest historical dataset available and it covers a period of 26 years, yet 
it might take more than a couple of decades to see the effect of policy changes on health 
outcomes.  
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CHAPTER 4 
RESULTS AND ANALYSIS 
 
We select three states to test our models based on American Health Ranking (AHR). We  
start with the state of Mississippi which is consistently ranked among the unhealthiest states, 
Virginia almost ranked in the middle, and finally the healthiest state – Hawaii.  
 
Results for State of Mississippi  
 
The state of Mississippi is ranked at the bottom of ranking of American Health Ranking 
(AHR) in 2016 and ranks as the state with the greatest opportunity for health improvement. 
According to AHR, Mississippi has ranked in the bottom three states since the start of ranking in 
1990. The state challenges include high prevalence of smoking and low birthweight, and a high 
percentage of children in poverty. The state has the highest five-year average rate of obesity 
among other states. However, the obesity rate has been decreasing on average, unlike other 
states. In terms of health outcomes, the state ranks in the bottom for Cardiovascular Deaths, 
Infant Mortality, and Premature Death. It ranks next to the bottom for Cancer Deaths.  Figure 4.1 
shows the time trend for health ranking of the state of Mississippi since the beginning of our data 
set from AHR. 
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Figure 4.1: Time trend for health ranking of the state of Mississippi since 1990. 
   Health Outcomes and Behavioral Factors  
 Table 4. 1, Panel A, present descriptive statistics for the variables used in Model (1).  
Premature death is the leading cause of death in Mississippi followed by cardiovascular death, 
cancer death, and infant morality. The data for physical inactivity starts in 1996 and there are 
only 19 observations available for analysis.  Panel B present correlation among health outcomes 
variables and behavioral factors.  Premature death does not seem to be correlated with any of the 
behavioral factors at any acceptable levels of significance. Cancer death is correlated with 
smoking and obesity at 5% and 1% levels, respectively. Cardiovascular death is correlated with 
binge drinking and obesity at the 10% and 1% levels, respectively. Infant mortality is correlated 
with obesity at the 1% level of significance. Among the behavioral factors, smoking and binge 
drinking are highly correlated at the 1% of significance and obesity is correlated with physical 
inactivity at the 10% level.  
	Table 4. 1 -  Mississippi Descriptive Statistics and Correlations for Behavioral Factors (1992-2015) 
         
Panel A Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality Smoking Binge_drinking Obesity Physicalinactivity 
N 26 26 26 26 26 18 26 19 
	  
Mean 9.29519 5.37511 6.02894 2.36289 24.39615 11.15556 26.30385 33.52632 
  Std. Dev 0.02415 0.02893 0.09817 0.09391 1.74229 1.32852 7.12345 2.78046 
  Sum 241.67502 139.75293 156.75242 61.43522 567.10000 200.80000 683.90000 637.0000 
  Minimum 9.24436 5.2428 5.28422 2.20827 16.40000 9.20000 15.00000 30.30000 
  
Maximum 9.34880 5.41965 6.13556 2.36085 31.10000 14.20000 35.50000 39.50000 
		 		
 Panel B Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality Smoking Binge_drinking Obesity Physicalinactivity 
Prematuredeath 1                  Cancerdealth 0.04294 1       
 (.8350)       
 Cardiovasculardeath -0.11749 -0.55580*** 1       (0.5676) (<.0001)      
 Infantmortality 0.05038 -0.85469*** 0.67349*** 1    
 
 (0.8069) (<.0001) (<.0001)     
 
Smoking 
-0.03911 -0.42382** 0.15717 0.32551 1    
0.8496 0.0310 0.4432 0.1047     
Binge_drinking 
-0.09165 0.63393** -0.46146* -0.26771 0.44430* 1   
0.7176 0.0047 0.0539 0.2828 0.0647    
Obesity 0.20253
 0.74432*** -0.91265*** -0.82996*** -0.23795 0.3966 1  
0.3211 <.0001 <.0001 <.0001 0.2418 0.1032 
 
 
Physicalinactivity -0.09009 -0.28595
 0.17510 0.05309 -0.14154 0.00101 -0.42112* 1 
0.7138 0.2353 0.4734 0.8291 0.5633 0.9968 0.0726 		In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.
	The regression results for obesity are presented in Table 4.2. Our regression models did 
not yield any meaningful results for other behavioral factors. The value of premature death does 
not seem to have significant linear dependence with the mean of obesity where the coefficient for 
obesity is not statistically different from zero. However, cancer death seems to be positively 
associated with obesity where the coefficient for obesity is significant at the 1% level. The model 
has an adjusted R2 of 53%. The regression result for cardiovascular death indicates that the 
coefficient for obesity is highly significant and the model has an adjusted R2 of 82%. Similar 
results are obtained infant mortality. However, the sign for coefficient for obesity is 
counterintuitive.   
Table 4. 2 - Mississippi Regression Results for Obesity  
      
Variable Intercept Obesity   R-Square Adjusted R-Square 
Prematuredeath 
9.27714*** 0.068651
 
0.3211   0.0410 0.0011 
<.0001 
Cancerdealth 
5.29561*** 0.00302*** 
  0.5540 0.5354 
<.0001 <.0001 
Cardiovasculardeath 
6.35976*** -0.01258*** 
  0.8329 0.8260 
<.0001 <.0001 
Infantmortality 
2.65069*** -0.01094*** 
  0.6888 0.6759 
<.0001 0.0005 
      *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	Note:	The	regression	results	for	other	behavioral	factors	did	not	yield	meaningful	results	and	thus	are	not	reported	here.	
 
Table 4. 3 presents the results for Granger causality Wald test.  Due to small number of 
observations for some behavioral factors, we could only fit an VAR (2) model. Given this 
limitation, we find only Granger causality between behavioral factors for cardiovascular death.  
The Chi-square for the model is 16.62, which is statistically significant at the 3% level. 
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Table 4.3 - Mississippi Granger-Causality Wald Test for Behavioral Factors 
 
Group 1 Variables Group 2 Variables: Chi-Square Pr >Chi-square 
 
Cancerdeath Smoking 
Binge_drinking Obesity 
Physicalinactivity 
12.88 0.1159 
Infantmortality Smoking 
Binge_drinking Obesity 
Physicalinactivity 
10.14 0.2555 
Prematuredeath Smoking 
Binge_drinking Obesity 
Physicalinactivity 
12.89 0.1157 
Cardiovasculardeath
  
Smoking 
Binge_drinking Obesity 
Physicalinactivity 
16.62 0.0343 
 
The results for VAR (2) are presented in Table 4.4. The only variable that influences 
cardiovascular death is obesity. According to the model, obesity has the most influence on 
cardiovascular death with lag of at least 2 years. The coefficient for lag 1 is significant at the 
10% level and the coefficient at lag 2 is significant at the 1% level. This result might not be 
surprising in the light of warnings from AHR and state health officials on the rise of obesity in 
Mississippi, in particular, and the U.S., in general.   
Table	4.4	-		Mississippi	VAR	Results	for	Cardiovascular	Death		
 
Model Parameter Estimates        
Equation Parameter Estimate Standard 
Error 
t Value Pr > |t| Variable   
Cardiovasculardeath CONST1 1.58194 2.06408 0.77 0.4780 1   
 AR1_1_1 0.69655 0.45777 1.52 0.1886 Cardiovasculardeath (t-1) 
 AR1_1_2 0.00156 0.00427 0.36 0.7305 Smoking(t-1)  
 AR1_1_3 0.00438 0.00459 0.95 0.3841 Binge drinking(t-1)  
 AR1_1_4 0.00142* 0.00481 2.30 0.07794 Obesity(t-1)  
 AR1_1_5 -0.00027 0.00333 -0.08 0.9395 Physicalinactivity (t-1) 
 AR2_1_1 0.05943 0.52515 0.11 0.9143 cardiovasculardeath(t-2) 
 AR2_1_2 -0.00083 0.00364 -0.23 0.8278 Smoking(t-2)  
 AR2_1_3 -0.00293 0.00351 -0.83 0.4424 Binge_drinking(t-2)  
 AR2_1_4 0.00669** 0.00518 2.39 0.02532 Obesity(t-2)  *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
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Figure 4.2 shows the trend in obesity in Mississippi and the U.S. over the study period.  It 
is clear from the graph that the gap in obesity rates between the U.S. and Mississippi is widening. 
 
Figure 4.2 -  Trend in obesity in Mississippi and the U.S. over the study period.   
 
Health Outcomes and Air Pollution 
 Table 4. 5, Panel A, presents descriptive statistics used for Model (2).  Premature 
death is the leading cause of death in Mississippi followed by cardiovascular death, cancer death, 
and infant morality.  The data for air pollution starts in 2002 and only 13 observations are 
available for analysis.  Panel B presents correlation among health outcomes variables and air 
pollution. Premature death and cancer death do not seem to be correlated with air pollution. 
Cardiovascular death and infant mortality are correlated with air pollution at the 1% and 5% 
levels of significance, respectively. 
	Table 4.5 - Mississippi Descriptive Statistics and Correlations for Environmental Factors 
 
Panel A Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality Air Pollution 
N 26 26 26 26 13 
Mean 9.29519 5.37511 6.02894 2.36289 2.40544 
Std. Dev 0.02415 0.02893 0.09817 0.09391 0.13004 
Sum 241.67502 139.75293 156.75242 61.43522 31.27069 
Minimum 9.24436 5.28422 5.47688 2.20827 2.18605 
Maximum 9.34880 5.41965 6.13556 2.56495 2.61007 
 Panel B Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality Air Pollution 
Prematuredeath 1     
 Cancerdealth 0.04294 1    
 (0.8350)     
Cardiovasculardeath -0.11749 -0.55580*** 1   
 0.5676 (<.0001)    
Infantmortality 0.05038 -0.85469*** 0.67349*** 1  
 0.8069 (<.0001) (<.0001)   
Air Pollution 0.38008 -0.33178	 0.96114*** 0.62983** 1 
0.2002 0.2681 <.0001 0.0211 			 	In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels. 
	Figure 4.3 obtained from AHR shows the trend in air pollution in Mississippi relative to the U.S.  
Air pollution has been declining both in Mississippi and the U.S. The good news is that 
Mississippi’s decline in air pollution has been more precipitous than the U.S., a trend that started 
around 2007.  
 
 Figure 4.3 - Trend in air pollution in Mississippi relative to the U.S  
 
The regression results for air pollution are reported in Table 4.6. The results indicate that 
premature death and cancer death are not associated with air pollution. However, the coefficients 
for air pollution are highly significant for cardiovascular death and infant mortality at the 1% and 
5% levels, respectively.  The model for cardiovascular death yields a high R2 (0.9238).   
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Table 4.6 - Mississippi Regression Results for Air Pollution  
 
 
     
Variable Intercept Air Polution   R-Square 
Adjusted 
R-Square 
Prematuredeath 
9.11660*** 0.07676 
  0.1445 0.0667 
<.0001 0.2002 
Cancerdealth 
5.47896*** -0.03636 
  0.1101 0.0292 
<.0001 0.2681 
Cardiovasculardeath 
4.53066*** 0.59015*** 
  0.9238 0.9169 
<.0001 <.0001 
Infantmortality 
1.71847*** 0.24318** 
  0.3967 0.3418 
<.0001 0.0211 
 *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
  
The results for Granger causality Wald test are reported in Table 4. 7. We fit a VAR (3) model 
due to small number of observations for air pollution.  In contrast to regression results reported 
in Table 4.6, we find that air pollution Granger causes cancer death and premature death at 
highly statistically significant levels. Recall that the regression results indicated that these two 
health outcomes are not related to air pollution. Another testament to the phrase that “correlation 
is not causality!”    
Table 4.7 – Mississippi Granger-Causality Wald Test for environmental factors  	
Group 1 Variables Group 2 
Variables: 
Chi-Square Pr >Chi-square 
Cancerdeath Air_Pollution 34.49 <.0001 
Infantmortality Air_Pollution 6.86 0.0765 
Prematuredeath Air_Pollution 47.36 <.0001 
Cardiovasculardeath  Air_Pollution 2.39 0.4956 	
Table 4.8 present the results for our VAR(3) model for cancer death. The results indicate that 
cancer death is influenced by air pollution at lags of 1 and 2 years. The coefficients for air 
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pollution are statistically significant at lag 1 at the 5% level and lag 2 at the 1% level. Our model 
clearly indicates that air pollution Granger causes cancer death. 
Table 4.8 - Mississippi VAR Results for Cancer Death  
 
Model Parameter Estimates       
Equation Parameter Estimate Standard 
Error 
t Value Pr > |t| Variable  
Cancerdealth CONST1 2.48725 1.20490 2.06 0.1310 1  
 AR1_1_1 1.56008** 0.39186 3.98 0.0284 Cancerdealth(t-1) 
 AR1_1_2 0.52018** 0.14581 3.57 0.0376 Air_Pollution(t-1) 
 AR2_1_1 -0.17105 0.41410 -0.41 0.7073 Cancerdealth(t-2) 
 AR2_1_2 0.69526* 0.23548 2.95 0.0599 Air_Pollution(t-2) 
 AR3_1_1 -0.83641* 0.25394 -3.29 0.0459 Cancerdealth(t-3) 
 AR3_1_2 0.14898 0.13275 1.12 0.3435 Air_Pollution(t-3) *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels. 
 
In Table 4.9, we report the results for VAR (3) model for premature death.The coefficient 
for air pollution is significant at lag 2 at the 5% level. Similar result is obtained for lag 3. There 
is a clear Granger causality running from air pollution to premature death. The leading cause of 
death for Mississippi is premature death. Although the state has made improvements in air 
pollution over the study period and it seems to reduce premature death, the state needs to take 
further steps to reduce air pollution. 
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Table 4. 9 - Mississippi VAR Results for Premature Death  
 
Model Parameter Estimates       
Equation Parameter Estimate Standard 
Error  
t Value Pr > |t| Variable  
Prematuredeath CONST1 -1.81404 2.83639 -0.64 0.5679 1  
 AR1_1_1 0.54501** 0.15327 3.56 0.0379 Prematuredeath(t-1) 
 AR1_1_2 -0.05200 0.21614 -0.24 0.8254 Air_Pollution(t-1) 
 AR2_1_1 0.76447** 0.20966 3.65 0.0356 Prematuredeath(t-2) 
 AR2_1_2 1.30053** 0.28675 4.54 0.0201 Air_Pollution(t-2) 
 AR3_1_1 1.36311** 0.24706 5.52 0.0117 Prematuredeath(t-3) 
 AR3_1_2 1.04112** 0.17888 5.82 0.0101 Air_Pollution(t-3) *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels 
 
Health Outcomes and Socioeconomic Factors  
 In Table 4.10, Panel A, we present the descriptive statistics for health outcomes and 
socioeconomic factors. These factors are: high school graduation rate, unemployment rate, 
changes in personal income, and income disparity. The high school graduation rate for 
Mississippi is available only from 1988 and ranges from 56% to 75% during this study period 
with the average of 61% -- well below the national average of 82%.  That ranks Mississippi in 
47th place in the U.S. The average unemployment rate is also well above the U.S. average rate.  
The average income disparity in the state of Mississippi is well above the U.S. rate (0.47 vs. 
0.39). The income disparity is measured by Gini coefficient where 0 represent complete equality 
and 1 represents complete inequality. Panel B shows the correlation coefficients between our 
health outcomes and socioeconomic variables. Premature death is not correlated to any of our 
socioeconomic variables while cancer death is highly correlated with unemployment rate, change 
in personal income and income disparity. Cardiovascular rate is highly correlated with high 
school graduation rate, change in personal income and income disparity. Infant mortality is 
highly correlated with change in personal income and income disparity.
	Table 4. 10 – Mississippi Descriptive Statistics and Correlations for Socioeconomic Factors (1992-2015) 
Panel A Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality High_School_Graduation Unemployment 
Rate 
Cpersonal Income Income 
Disparity 
N 26 26 26 26 18 26 25 26 
Mean 9.29519 5.37511 6.02894 2.36289 60.66261 7.30769	 4.04183	 0.47021 
Std. Dev 0.02415 0.02893 0.09817 0.09391 4.78349 1.48403	 1.86155	 0.02010 
Sum 241.67502 139.75293 156.75242 61.43522 1092 190.000	 101.04583	 12.22550 
Minimum 9.24436 5.2428 5.84209 2.20827 55.96951 5.3000	 -1.24859	 0.43400 
Maximum 9.34880 5.41965 6.13556 2.56495 75.500 10.5000	 6.80330	 0.5070 
 Panel B Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality High_School_Graduation Unemployment 
Rate 
Cpersonal 
Income 
Income 
Disparity 
Prematuredeath 1        
 Cancerdealth 0.04294 1       
 (0.8350)        
Cardiovasculardeath -0.11749 -0.55580*** 1      
 0.5676 (<.0001)       
Infantmortality 0.05038 -0.85469*** 0.67349*** 1     
 0.8069 <.0001 <.0001      
High_School_Graduation     1    
0.10941 
0.6656 
-0.12348 
0.6254 
-0.58611*** 
<.0001 
0.12768 
0.6136 
    
Unemployment Rate 0.04139 -0.39418** -0.54900*** -0.01366 0.65729*** 1   
0.6656 0.0463 <.0001 0.9472 <.0001    
Cpersonal Income  
-0.00010 
 
-0.49000** 
 
0.58513*** 
 
0.39322* 
0.0518 
 
-.26432 
0.3053 
 
-0.35954* 
0.0775 
1  
0.9996 0.0129 <.0001   	 	  
Income Disparity -0.20356 0.42689** -0.49625*** -0.50907*** -0.11048 -0.00529 -0.32409 1	
0.3186 0.0296 <.0001 <.0001 0.6625 0.9796 0.1140	 		In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.  
	 In Table 4. 11, we present regression results for income disparity and health outcome 
measures. The coefficient for income disparity on premature death is not significant and it seems 
like income disparity is incapable of explaining variations in premature death. The coefficient for 
income disparity on cancer death is significant at the 5% level and the R2 for the model is 
0.1822. However, the sign for the coefficient of income disparity is positive which is 
counterintuitive. The coefficient for income disparity for cardiovascular death is significant at 
the 1% level and the regression model has R2 of 0.2463. We do find similar results for infant 
mortality. The overall regression results indicate that income disparity is an important variable in 
explaining three out of four measures of health outcomes.   
 
Table 4. 11 – Mississippi Regression Results for Income Disparity  
 
 
     
Variable Intercept Income Disparity   
R-
Square 
Adjusted 
R-Square 
Prematuredeath 
9.18021*** -0.24453 
  0.0414 0.0015 
<.0001 1.02 
Cancerdealth 
5.08626*** 0.61429** 
  0.1822 0.1482 
<.0001 0.0296 
Cardiovasculardeath 
7.16850*** -2.42351*** 
  0.2463 0.2149 
<.0001 <.0001 
Infantmortality 
3.48119*** -2.37829*** 
  0.2592 0.2283 
<.0001 <.0001 
 *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
  
The regression results for high school graduation are reported in Table 4.12. The only significant 
coefficient for high school graduation is in the regression model for cardiovascular death. The 
coefficient indicates that higher high school graduation is associated with lower cardiovascular 
death and the model has an R2 of 0.3435. Our regression models for other socioeconomic 
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variable, unemployment rate and change in personal income, did not result in any significant 
relations and thus are not reported here. 
 
Table 4. 12: Mississippi Regression Results for High School Graduation  
 
 
     Variable Intercept High School Graduation   R-Square 
Adjusted 
R-Square 
Prematuredeath 9.26496*** 
0.00042708 
  0.0120 -0.0498 <.0001 0.44 
Cancerdealth 
5.42194*** -0.00085285 
  0.0152 -0.0463 
<.0001 -0.50 
Cardiovasculardeath 
6.57307*** -0.00813*** 
  0.3435 0.3025 
<.0001 <.0001 
Infantmortality 2.22804
*** 0.00263 
  0.0163 -0.0452 
<.0001 0.51 
 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes 
significance at the 1% level. The numbers below the coefficients are probability levels. 
  
Next, we investigate Granger causality between income disparity and different health 
outcome measures by fitting a VAR (5) model.  The results are reported in Table 4.13. We find 
that income disparity Granger causes cardiovascular death only while we could not detect any 
causality for cancer death, infant mortality, and premature death. The results are in contrast with 
the regression results reported in Table 11 where income disparity is associated with cancer 
death, cardiovascular death, and infant mortality.   
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Table 4. 13 – Mississippi Granger-Causality Wald Test for Income Disparity  	
Group 1 Variables Group 2 
Variables: 
  Chi-Square Pr >Chi-square 
Cancerdeath Income 
Disparity 
  1.29 0.9363 
Infantmortality Income 
Disparity 
  5.97 0.3172 
Prematuredeath Income 
Disparity 
  5.79 0.3093 
Cardiovasculardeath  Income 
Disparity 
  11.61 0.0405 
 
The VAR (5) model results are reported in Table 4.14. We find income disparity influences 
cardiovascular death at the lag of one year and higher income disparity leads to lower 
cardiovascular death. 
 
Table 4.14 – Mississippi VAR Results for Cardiovascular Deaths 
 
Model Parameter Estimates      
Equation	 Parameter	 Estimate	 Standard	
Error	
t	Value	 Pr	>	|t|	 Variable	  
Cardiovasculardeath	 CONST1	 0.39650	 0.41391	 0.96	 0.3607	 1	  
	 AR1_1_1	 0.50075	 0.29264	 1.71	 0.1178	 Cardiovasculardeath(t-1)	  
	 AR1_1_2	 -0.33942**	 0.16936	 -2.00	 0.0729	 Income_Disparity(t-1)	
	 AR2_1_1	 0.56481	 0.34171	 1.65	 0.1294	 Cardiovasculardeath(t-2)	
	 AR2_1_2	 -0.08775	 0.17429	 -0.50	 0.6255	 Income_Disparity(t-2)	
	 AR3_1_1	 -0.35250	 0.43453	 -0.81	 0.4361	 Cardiovasculardeath(t-3)	
	 AR3_1_2	 -0.19615	 0.17566	 -1.12	 0.2903	 Income_Disparity(t-3)	
	 AR4_1_1	 -0.24817	 0.51581	 -0.48	 0.6408	 Cardiovasculardeath(t-4)	
	 AR4_1_2	 -0.27250	 0.17736	 -1.54	 0.1554	 Income_Disparity(t-4)	
	 AR5_1_1	 0.55290	 0.33054	 1.67	 0.1253	 Cardiovasculardeath(t-5)	
	 AR5_1_2	 -0.23511	 0.19162	 -1.23	 0.2479	 Income_Disparity(t-5)	
 
 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes 
significance at the 1% level. The numbers below the coefficients are probability levels. 
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Table 4.15 presents Granger causality test for high school graduation. We find that, similar to 
results for income disparity, high school graduation Granger causes cardiovascular death but not 
other measures of heath outcome. 
 
Table 4.15 – Mississippi Granger-Causality Wald Test for High School Graduation 
 
Group 1 Variables Group 2 
Variables: 
Chi-Square Pr >Chi-square 
Cancerdeath High School 
Graduation 
2.95 0.7072 
Infantmortality High School 
Graduation 
1.19 0.9456 
Prematuredeath High School 
Graduation 
6.03 0.3029 
Cardiovasculardeath  High School 
Graduation 
10.63 0.0593 
 
 
The VAR (5) model results for cardiovascular death and high school graduation rate are 
reported in Table 4.16.  We find that high school graduation Granger causes cardiovascular death 
at lags of 3 years and 5 years.  The results clearly demonstrate that high school graduation rate is 
an important factor affecting cardiovascular death and higher high school graduation rate leads to 
lower cardiovascular death.  Our overall results indicate that income disparity and high school 
graduation rates are important factors that influence cardiovascular death which is the second 
cause of death in the state of Mississippi.   
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Table 4.16 – Mississippi VAR Results for Cardiovascular Deaths  
Model Parameter Estimates      
Equation Parameter Estimate Standard 
Error 
t Value Pr > |t| Variable  
Cardiovasculardeath CONST1 -0.33594 0.48594 -0.69 0.5051 1  
 AR1_1_1 0.80908 0.28779 2.81 0.0184 Cardiovasculardeath(t-1) 
 AR1_1_2 -0.00356 0.00222 -1.6 0.1407 High_School_Graduation(t-1) 
 AR2_1_1 0.51485 0.35515 1.45 0.1778 Cardiovasculardeath(t-2) 
 AR2_1_2 0.00606 0.00367 1.65 0.1295 High_School_Graduation(t-2) 
 AR3_1_1 -0.60387 0.37825 -1.6 0.1415 Cardiovasculardeath(t-3) 
 AR3_1_2 -0.00586* 0.00276 -2.13 0.0594 High_School_Graduation(t-3) 
 AR4_1_1 0.49728 0.41945 1.19 0.2632 Cardiovasculardeath(t-4) 
 AR4_1_2 0.00262 0.00186 1.41 0.19 High_School_Graduation(t-4) 
 AR5_1_1 -0.32904 0.30747 -1.07 0.3097 Cardiovasculardeath (t-5) 
 AR5_1_2 -0.00579* 0.00271 -2.14 0.0582 High_School_Graduation(t-5) 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes 
significance at the 1% level. The numbers below the coefficients are probability levels. 
 
 
Health Outcomes and Policy Factors 
Model (4) states that health outcomes is a function of public health funding and lack of 
health insurance. Public health funding is the dollars per person that are spent on population 
health through funding from the CDC.  Figure 4.4 depicts public health funding for the state of 
Mississippi relative to the U.S. average.  Throughout the period of the study, Mississippi’s public 
health funding is below the U.S. average and the gap seems to have widen over the years.  
Mississippi spends $66 per person on public health funding and is ranked 32 in the U.S. in terms 
of public health funding by the AHR.  
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Figure 4.4 – Public health funding for the state of Mississippi relative to the U.S. average. 
 
 Mississippi is ranked 44 in the U.S. in terms of lack of health insurance as 
presented by the graph below (see Figure 4.5).  In 2016, 13.6% of Mississippi population lack 
health insurance. 
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Figure 4.5 – Mississippi is ranked 44 in the U.S. in terms of lack of health insurance.  
 
Table 4. 17, Panel A, presents the descriptive statistics for the data used in this study.  
There are only 14 observations available for the measure of public health funding. In Panel B the 
correlation between health outcome measures and lack of health insurance and public health 
funding in the state of Mississippi are presented. Cancer death is highly correlated with lack of 
health insurance. Public health funding is also highly correlated with cardiovascular death and 
public health funding.   
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Table 4. 17 – Mississippi Descriptive Statistics and Correlations for Policy Factors (1992-2015) 
 
Panel A Premature death Cancerdealth 
Cardiovascular 
death 
Infant 
mortality   
Lackofhealth 
insurance 
Publichealth 
funding 
N 26 26	 26	 26	 		 26	 14	
Mean 9.29519 5.37511 6.02894 2.36289  2.88484 4.05355 
Std. Dev 0.02415 0.02893 0.09817 0.09391  0.08729 0.23592 
Sum 241.67502 139.75293 156.75242 61.43522  75.00595 56.74972 
Minimum 9.24436 5.28422 5.84209 2.20827  2.66723 3.50242 
Maximum 9.34880 5.41965 6.13556 2.56495  3.00072 4.34068 
 Panel B Premature Death Cancerdealth 
Cardiovascular 
death 
Infant 
mortality   
Lackofhealth 
insurance Publichealthfunding 
Premature
death 1       
        
 Cancer 
dealth 0.04294 1      
 0.8350       
Cardio 
vascular
death 
-0.11749 -0.55580*** 1     
 0.5676 <.0001      
Linfant 
mortality 0.05038 -0.85469*** 0.67349*** 1    
 0.8069 <.0001 <.0001     
Lackof 
Health 
insurancee 
0.22682 -0.47502** 0.24487 0.28712  1  
 0.2652 0.0142 0.2280 0.1550    
Publichealth 
funding 0.12018 -0.35574 -0.71276*** -0.29270  0.64034** 1 
  0.6824 0.2119 <.0001 0.3098   0.0136   	This	table	provides	summary	statistics	(Panel	A)	and	correlation	coefficients	(Panel	B)	for	the	full	sample	of	
26	annual	observations	from	1992-2015.	In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
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The regression results for lack of health insurance are presented in Table 4.18. The 
regression for premature death has an R2 of 0.2129 and the coefficient for lack of health 
insurance is significant at the 10% level. The coefficient for lack of health insurance on cancer 
death is significant at the 1% level and the regression model yields an R2 of 0.4843. However, 
the coefficient’s sign is negative which is counterintuitive. The lack of health insurance 
coefficients are statistically insignificant for cardiovascular death and infant mortality.   
 
Table 4. 18– Mississippi Regression Results for Lack of Health Insurance  	
Variable Intercept Lackofhealthinsurance  R-
Square 
 Adjusted 
R-Square 
Prematuredeath 8.92275*** 
<.0001 
0.13261* 
0.0968 
 0.2129  0.1473 
Cancerdealth 5.70296*** 
<.0001 
-0.10915*** 
0.0057 
 0.4843  0.4413 
Cardiovasculardeath 
 
6.74402*** 
<.0001 
-0.27543 
.3165 
 0.0835  0.0071 
Infantmortality 
 
2.13447*** 
0.0005 
0.06029 
0.7128 
 0.0117  -0.0707 	 	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.			
In Table 4.19, we present regression results for public health funding. The coefficient of 
public health funding is significant only for the regression model for cardiovascular death and 
the model has an R2 of 0.5080.  
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Table 4.19 – Mississippi Results for Public Health Funding  
	
Variable	 Intercept	 Publichealthfunding	 	 R-Square	 	 Adjusted	
R-Square	
Prematuredeath	 9.24790***	<.0001	 0.01295	0.6824	 	 0.0144	 	 -0.0677	
Cancerdealth	 5.47693***	<.0001	 -0.02093	0.2119	 	 0.1265	 	 0.0538	
Cardiovasculardeath 
	
6.99274***	<.0001	 -0.25487***	<.0001	 	 0.5080	 	 0.4670	
Infantmortality 
	
2.55420***	<.0001	 0.06029	0.7128	 	 0.0857	 	 0.0095		 	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
 
Next, we turn our attention to Granger causality.  Table 4. 20 presents the Granger 
causality results of a VAR (2) model.  Our policy factors, public health funding and lack of 
health insurance, clearly Granger causes infant mortality and premature death.   
  
Table 4. 20 – Mississippi Granger-Causality Wald Test for Policy Factors  
 
Group 1 Variables Group 2 Variables:   Chi-Square Pr >Chi-square 
Cancerdealth Publichealthfunding Lackofhealthinsurance   
0.80 0.9386 
     
Infantmortality Publichealthfunding 
Lackofhealthinsurance  
9.96 0.0411 
     
Prematuredeath Publichealthfunding 
Lackofhealthinsurance  
45.49 <.0001 
     
Cardiovasculardeath  Publichealthfunding 
Lackofhealthinsurance   
2.54 0.6377 
      *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
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In Table 4. 21, we present the results for our VAR (2) model. We find that lack of health 
insurance influences infant mortality at lag 1 and the coefficient for lack of health insurance is 
statistically significant at the 5% level. We do not find public health funding has any influence 
on infant mortality.   
Table 4. 21 – Mississippi VAR Results for Infant Mortality 
 
Model Parameter Estimates     
 Parameter Estimate Standard t Value Pr > |t| Variable 
   Error    
Infantmortality 
 
CONST1 0.50018 0.96378 0.52 0.6259 1 
 AR1_1_1 0.22848 0.4206 0.54 0.6103 infantmortality(t-1) 
 AR1_1_2 0.57008** 0.18638 3.06 0.0281 Lackofhealthinsurance(t-1) 
 AR1_1_3 -0.13083 0.15432 -0.85 0.4352 publichealthfunding(t-1) 
 AR2_1_1 0.01458 0.45659 0.03 0.9758 infantmortality(t-2) 
 AR2_1_2 0.07335 0.28 0.26 0.8038 Lackofhealthinsurance(t-2) 
 AR2_1_3 -0.01807 0.10507 -0.17 0.8702 publichealthfunding(t-2) 
 
 *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
 
The VAR (2) results for premature death are presented in Table 4. 22. We find that lack 
of health insurance Granger causes premature death at lag 1 and the coefficient for the lack of 
health insurance is statistically significant at the 1% level. We also find public health funding 
Granger causes premature death at lag 2. The coefficient for public health funding is statistically 
significant at the 10% level. 
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Table 4. 22 – Mississippi VAR Results for Premature Death  
	
 *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
 
In summary, we find that policy factors influence two of our health outcome measures, 
infant mortality and premature death.  Infant mortality is influenced by lack of health insurance 
and premature death is influenced by both lack of health insurance and public health funding up 
to 2 lags.  Due to the small number of observations for public health funding, we were unable to 
explore longer lags. 
 	
Model Parameter Estimates      
 Parameter Estimate Standard 
Error 
t Value Pr > |t| Variable 
Premature 
death 
CONST1 7.24988 2.51344 2.88 0.0344 1 
 AR1_1_1 0.08947 0.32305 0.28 0.7929 prematuredeath(t-1) 
 AR1_1_2 0.42018*** 0.08223 5.11 0.0037 Lackofhealthinsurance(t-1) 
 AR1_1_3 0.02921 0.05433 0.54 0.6139 publichealthfunding(t-1) 
 AR2_1_1 0.03534 0.28799 0.12 0.9071 prematuredeath(t-2) 
 AR2_1_2 -0.0701 0.10839 -0.65 0.5463 Lackofhealthinsurance(t-2) 
 AR2_1_3 -0.05835* 0.02851 -2.05 0.096 publichealthfunding(t-2) 
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Results for State of Virginia 
 The graph below shows Virginia’s health ranking for the period of 1990 to 2016 (see 
Figure 4.6). Virginia has made improvements in health ranking due to mainly decrease in infant 
mortality and smoking rate reductions and currently ranking as 19 in the country.  But Virginia’s 
health ranking was as low as 27 back in 2013. Virginia’s strengths include low rate of drug 
deaths and low prevalence of physical distress. Its challenges include low immunization 
coverage and large health disparity.20    
 
Figure 4.6 - Virginia’s health ranking for the period of 1990 to 2016.   
 
 
 
																																																						
20	http://www.americashealthrankings.org/explore/2016-annual-report/state/VA 
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Health Outcomes and Behavioral Factors   
Table 4.23 (Panel A) presents the descriptive statistics and correlations for variables used 
in model 1.  All the health outcome variables are in natural log format. Among these variables, 
premature death has the highest mean followed by cardiovascular death, cancer death, and infant 
mortality. We don’t have the full data set for binge drinking  (1996-2015) and physical inactivity 
(1995-2015).  Panel B displays the correlation among all the variables utilized in model (1).  
Clearly all health outcome measures are highly correlated and statistically very significant.  
Smoking is associated with all measures of health outcome at the highly statistical level (one 
percent).  Binge drinking has relatively low negative correlations with premature death and 
infant mortality. Which seems to be counterintuitive. Obesity is highly correlated with all 
measures of health outcome and health behavior.  The negative sign for the correlation between 
obesity and infant mortality is puzzling.  Figure 4.7 below displays Virginia’s obesity relative to 
the U.S. average. Virginia’s obesity rate follows the national trend in 2016 was ranked as 22 in 
the nation.   
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Figure 4.7: Virginia’s obesity relative to the U.S. average 
 
Physical inactivity measure is highly correlated with two health outcome measures: 
cancer death, cardiovascular death.  But it is not correlated to premature death and infant 
mortality.  Physical inactivity is highly correlated to smoking and obesity.  
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Table 4.23 - Virginia Descriptive Statistics and Correlations for Behavioral Factors (1992-2015) 
 
Panel A Prematuredeath Cancerdealth Cardiovascula
rdeath 
Infant 
mortality 
Smoking Binge_drinking Obesity Physicalinactivity 
N 26 26	 26	 26	 26	 18	 26.0000	 19	
	  
Mean 8.90522 5.31684 5.78348 2.06625 21.81154 14.66111 20.3192 23.9263 
  
Std. Dev 0.07098 0.03761 0.17071 0.15555 3.19353 1.23104 6.2402 2.2905 
  
Sum 231.53578 138.23789 150.37052 53.72242 567.10000 53.72242 528.300
0 
454.6000 
  
Minimum 8.76951 5.2428 5.47688 1.84055 16.40000 12.8000 9.9000 21.3000 
  
Maximum 9.03109 5.36317 6.02393 2.36085 32.70000 17.9000 29.2000 29.2000 
		 		
 Panel B Premature 
death 
Cancerdealth Cardio 
Vascular 
Death 
Infant 
mortality 
Smoking Binge_drinking Obesity Physicalinactivity 
Premature 
Death 
1        
         
 Cancerdealth 0.78358*** 1       
 (<.0001)        
Cardiovascular
death 
0.90591*** 0.93073*** 1      
 (<.0001) (<.0001)       
Infantmortality 0.92935*** 0.64729*** 0.81301*** 1     
 (<.0001) (<.0001) (<.0001)      
Smoking 0.73469*** 0.61559*** 0.74617*** 0.63749*** 1    
<.0001 0.0008 <.0001 0.0005     
Binge_drinking -0.39300** 0.19199 0.30542 -0.36963* 0.3074 1   
0.052 0.3579 0.3579 -0.069 -0.135    
Obesity 0.92075*** 0.81156*** -0.9399*** -0.91658*** -0.74458*** 0.48317** 1  
<.0001 <.0001 <.0001 <.0001 <.0001 0.0422   
Physical 
inactivity 
0.38449 0.40862* 0.39131* 0.35894 0.60338*** 0.28582 -
0.58721*
** 
1 
0.1041 0.0824 0.0976 0.1313 0.0062 0.2502 0.0082 		This	table	provides	summary	statistics	(Panel	A)	and	correlation	coefficients	(Panel	B)	for	the	full	sample	of	
26	annual	observations	from	1992-2015.	In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
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Physical inactivity measure is highly correlated with two health outcome measures: 
cancer death, cardiovascular death.  But it is not correlated to premature death and infant 
mortality. Physical inactivity is highly correlated to smoking and obesity. The multiple 
regression model did not yield meaningful results due to colinearity among the dependent 
variables. The stepwise regression (nor reported here) revealed that the most important 
behavioral variable is smoking. The results are reported in Table 4.24.  Smoking as previous 
research has indicated is determinant to health.  The r-squares for the model are ranging from 
88% for the cardiovascular death to 37% for cancer death. WHO estimates that if current patterns 
of smoking continue, smoking will kill about 1 billion people this century.21 Smoking was 
acknowledged when the U.S. Surgeon General (1964) reported that smoking and other individual 
and social behavior have great impact on health. Scientific research has clearly established the 
link between personal health behaviors (obesity, smoking, drinking, illicit drugs) to chronic 
disease morbidity and morality. The hazardous effects of smoking on mortality from cancer, 
respiratory, and cardiovascular diseases have been established for several decades. Exposure to 
secondhand smoking is associated with adverse birth outcomes as well as many other diseases.  
Smoking and exposure to secondhand smoking is known as the cause of 6.3 million deaths 
annually in the world  (Ezzati & Riboli, 2103).   
 
 
 
 
 
																																																						
21	Enforcing bans on tobacco advertising, promotion and sponsorship. Geneva: World Health Organization, 2013.	
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Table 4.24: Virginia Regression Results for Smoking  
      
Variable Intercept Smoking   R-Square Adjusted R-Square 
Prematuredeath 
8.54905*** 0.016330
*** 
<.0001   0.5398 0.5206 
<.0001 
Cancerdealth 
5.61504*** 0.00725*** 
  0.379 0.3531 
<.0001 <.0001 
Cardiovasculardeath 
6.30593*** -0.02571*** 
  0.8834 0.8834 
<.0001 0.00191 
Infantmortality 
0.03105*** 0.03105*** 
  0.4064 0.3817 
<.0001 0.0005 
      *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	Note:	The	regression	results	for	other	behavioral	factors	did	not	yield	meaningful	results	and	thus	are	not	reported	here.		
Granger causality results are reported in Table 4. 25.  We find the behavioral factors Granger 
cause infant mortality, premature death and cardiovascular death at acceptable significance 
levels.  However, we could not find Granger causality for cancer death.  
Table 4. 25: Virginia Granger-Causality Wald Test  
Group	1	Variables	 Group	2	Variables:	 	 Chi-Square	 Pr	>Chi-square	
	Cancerdeath	 Smoking	Binge_drinking	Obesity	Physicalinactivity	
	 10.51	 0.2310	
Infantmortality	 Smoking	Binge_drinking	Obesity	Physicalinactivity	
	 33.07	 <.0001		
Prematuredeath	 Smoking	Binge_drinking	Obesity	Physicalinactivity	
	 95.11	 <.0001		
Cardiovasculardeath
	 	
Smoking	Binge_drinking	Obesity	Physicalinactivity 
	 15.40	 0.0519	
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To investigate the causal relation between health outcomes and infant mortality; we fit an 
AR (2) model.22  The results are reported in Table 4.26.  We find binge drinking (AR1_1_3) and 
physical inactivity (AR1_1_5) have the most effect on infant mortality at lag 1.  Moving to lag 2, 
obesity (AR2_1_4) has the most influence on infant mortality.  The results clearly indicate that 
some behavioral factors will take time to influence infant mortality of up to 2 years. 
Table	4.26: Virginia	VAR	Results	for	Infant	Mortality			
Model	Parameter	Estimates	 	 	 	 	 	 	Equation	 Parameter	 Estimate	 Standard	 t	Value	 Pr	>	|t|	 Variable	 		 	 	 Error	 	 	 	 	Infantmortality	 CONST1	 2.8129	 0.89742	 3.13	 0.0258	 1	 		 AR1_1_1	 0.93641***	 0.20838	 4.49	 0.0064	 Infantmortality(t-1)		 AR1_1_2	 -0.00202	 0.00475	 -0.43	 0.6875	 Smoking(t-1)		 AR1_1_3	 0.02221**	 0.00805	 2.76	 0.0399	 Binge_drinking(t-1)		 AR1_1_4	 0.00174	 0.00598	 0.29	 0.7823	 Obesity(t-1)		 AR1_1_5	 0.02092**	 0.00581	 3.60	 0.0156	 Physicalinactivity(t-1)		 AR2_1_1	 -0.95551**	 0.33154	 -2.88	 0.0345	 Infantmortality(t-2)		 AR2_1_2	 -0.00908	 0.00547	 -1.66	 0.158	 Smoking(t-2)		 AR2_1_3	 -0.0093	 0.0064	 -1.45	 0.2061	 Binge_drinking(t-2)		 AR2_1_4	 0.01789**	 0.00458	 3.90	 0.0114	 Obesity(t-2)		 AR2_1_5	 0.00432	 0.0047	 0.92	 0.4004	 Physicalinactivity(t-2)	
• denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.		
Next we turn our attention to premature death.  The results are reported in Table 4. 27.  
At lag 1, we find that all behavioral factors have detrimental effects on premature death. The 
coefficients for these variables; smoking (AR1_1_2), binge drinking (AR1_1_3) obesity 
(AR1_1_4), physical inactivity (AR1_1_5) are all statistically significant at lag 1.  For lag 2, we 
see that all these factors influence premature death except binge drinking.  The overall results for 
behavioral factors are quite significant indicating that behavioral factors will influence premature 
death at least in two years prior to death.  
																																																						
22	Due	to	the	small	number	of	observations	for	binge	drinking	and	physical	inactivity,	our	VAR	model	did	not	
converge	for	higher	orders	of	2.	
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Table	4.	27: Virginia	VAR	Results	for	Premature	Death		
Model Parameter Estimates       
Equation Parameter Estimate Standard t Value Pr > |t| Variable  
   Error     
Prematuredeath CONST1 -0.41461 2.17663 -0.19 0.8564 1  
 AR1_1_1 -0.37241 0.19401 -1.92 0.113 Prematuredeath(t-1) 
 AR1_1_2 0.00991** 0.00334 2.96 0.0314 Smoking(t-1) 
 AR1_1_3 0.03264* 0.00551 5.92 0.002 Binge_drinking(t-1) 
 AR1_1_4 0.01382* 0.003 4.61 0.0058 Obesity(t-1) 
 AR1_1_5 0.01869* 0.00408 4.58 0.0059 Physicalinactivity(t-1) 
 AR2_1_1 1.53612* 0.27839 5.52 0.0027 Prematuredeath(t-2) 
 AR2_1_2 0.01965* 0.00438 4.49 0.0065 Smoking(t-2) 
 AR2_1_3 -0.0011 0.00317 -0.35 0.7434 Binge_drinking(t-2) 
 AR2_1_4 0.00743** 0.00263 2.82 0.037 Obesity(t-2) 
 AR2_1_5 0.01606* 0.0027 5.96 0.0019 Physicalinactivity(t-2) *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels 
 
 
Finally, we turn our attention to cardiovascular death.  The results are reported in Table 4.28.  
We find that obesity at lag one has the most influence on cardiovascular death (AR1_1_4).  
Higher obesity leads to higher premature death and it will take at least one year to realize that 
effect.  
Table	4.	28: Virginia	VAR	Results	for	Cardiovascular	Death		
 
Model Parameter Estimates        
Equation Parameter Estimate Standard 
Error 
t Value Pr > |t| Variable   
cardiovasculardeath CONST1 1.23934 0.47669 2.6 0.0483 1   
 AR1_1_1 0.06408 0.73774 0.09 0.9342 cardiovasculardeath(t-1) 
 AR1_1_2 0.00143 0.00147 0.97 0.3744 Smoking(t-1)  
 AR1_1_3 -0.00217 0.00251 -0.87 0.4263 Binge_drinking(t-1)  
 AR1_1_4 0.00427* 0.00185 2.31 0.0693 Obesity(t-1)  
 AR1_1_5 0.00143 0.00218 0.66 0.541 Physicalinactivity(t-1) 
 AR2_1_1 0.7358 0.71065 1.04 0.3479 cardiovasculardeath(t-2) 
 AR2_1_2 0.00292 0.00182 1.61 0.1691 Smoking(t-2)  
 AR2_1_3 0.00235 0.00224 1.05 0.3434 Binge_drinking(t-2)  
 AR2_1_4 -0.00441 0.00263 -1.68 0.1537 Obesity(t-2)  
 *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels 
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To summarize, we find behavioral factors do influence health outcomes.  In particular, 
obesity seems to be the most influential factor on all measures of health outcomes. Our results 
are consistent with recent research on the relation between obesity and mortality.  Masters, et al. 
(2013) assert that previous research has underestimated the impact of obesity on mortality in the 
US. They conclude that obesity should be placed in the “forefront of concern for public health 
action.”  Similar findings have been reported for other countries.  In a recent study, Roos, 
Lallukka, Lahelma, & Rahkonen (2016) conduct a survey in Helsinki, Finland to examine the 
joint associations of smoking and obesity with all-cause and cancer mortality among midlife 
employees.  They find that smoking increases mortality and obesity strengthens this association.  
The Granger causality and VAR methodology utilized here clearly indicates that obesity is the 
most prominent factor among behavioral factors that influence mortality. Policy-makers need to 
be watchful of the disparate effects obesity has on the health of the population. 
 
Health Outcomes and Environmental factors  
Model 2 investigates the relations between health outcomes and environmental factors.  
The measure of environment is air pollution.  We postulate that an increase in air pollution has 
negative impact on health outcomes.  Table 4.29 presents descriptive statistics and correlations 
for our model.  The measure of air pollution is available only since 2002 thus we have only 13 
annual observations for this measure.  Panel B shows that there is a high and statistically 
significant correlation between air pollution and health outcome measures.  The highest 
correlation is between air pollution and cancer death (0.9237). 
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Table 4. 29: Virginia Descriptive Statistics and Correlations for Environmental Factor 
(1992-2015) 
Panel A Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality Air Pollution 
N 26 26	 26	 26	 13	
Mean 8.90522 5.31684 5.78348 2.06625 2.4128 
Std. Dev 0.07098 0.03761 0.17071 0.15555 0.16857 
Sum 231.53578 138.23789 150.37052 53.72242 31.36639 
Minimum 8.76951 5.2428 5.47688 1.84055 2.11626 
Maximum 9.03109 5.36317 6.02393 2.36085 2.60269 
 Panel B Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality Air Pollution 
Prematuredeath 1     
      
 Cancerdealth 0.78358*** 1    
 (<.0001)     
Cardiovasculardeath 0.90591*** 0.93073*** 1   
 (<.0001) (<.0001)    
Infantmortality 0.92935*** 0.64729*** 0.81301*** 1  
 (<.0001) (<.0001) (<.0001)   
      
Air Pollution 
0.8631*** 0.9237***	 0.78787*** 0.63749** 1 
<.0001 <.0001 <.0001 0.0014 		This	table	provides	summary	statistics	(Panel	A)	and	correlation	coefficients	(Panel	B)	for	the	full	sample	of	
26	annual	observations	from	1992-2015.	In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
 
The regression results are presented in Table 4. 30.  The results indicate that the 
coefficient for air pollution is significant for all the measures of health outcome.  The r-square 
for the models ranges from 62% for infant mortality to 88% for cardiovascular death.  
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Table 4. 30 – Virginia Regression Results for Air Pollution  
      
Variable Intercept Air Polution   R-Square 
Adjusted 
R-Square 
Prematuredeath 
8.33989*** 0.21317*** 
  0.7449 0.7218 
<.0001 <.0001 
Cancerdealth 
4.87950*** 0.16915*** 
  0.8532 0.8399 
<.0001 <.0001 
Cardiovasculardeath 
4.04881*** 0.6599*** 
  0.8834 0.9231 
<.0001 <.0001 
Infantmortality 
1.42137*** 0.22272** 
  0.6207 0.5863 
<.0001 0.0014 
 *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.			
The Granger causality results are reported in Table 4. 31.  We find that air pollution 
Granger causes cancer death, infant mortality, and premature death but not cardiovascular death.  
The results for cardiovascular death is in contrast to regression results reported in Table 4.30.  
We find no causality between cardiovascular death and air pollution.   
Table 4. 31:  Virginia Granger-Causality Wald Test 
Group	1	Variables	 Group	2	
Variables:	
		 Chi-Square	 Pr	>Chi-square	
Cancerdeath	 Air_Pollution	 		 57.82	 <.0001	Infantmortality	 Air_Pollution	 		 9.23	 0.0499	Prematuredeath	 Air_Pollution	 		 95.11	 0.0264	Cardiovasculardeath		 Air_Pollution	 		 3.61	 0.3066	
 
To investigate causality further between air pollution and health outcome measures, we 
fit VAR (3) models to these measures.  Table 4. 32 shows the results for cancer death.  We find 
the air pollution causes cancer death up to three years.  The coefficients for air pollution is 
significant at lag 1 (AR1_1_2), lag 2 (AR2_1_2), and lag 3 (AR3_1_2), with the highest impact 
occurring in lag 2.     
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Table 4. 32: Virginia VAR Results for Cancer Death  
 
Model Parameter Estimates       
Equation Parameter Estimate Standard 
Error 
t Value Pr > |t| Variable  
Cancerdealth CONST1 1.16357 0.40407 2.88 0.0635 1  
 AR1_1_1 0.43537 0.29347 1.48 0.2346 Cancerdealth(t-1) 
 AR1_1_2* 0.14766 0.06198 2.38 0.0974 Air_Pollution(t-1) 
 AR2_1_1** 0.8253 0.24621 3.35 0.044 Cancerdealth(t-2) 
 AR2_1_2** 0.41347 0.07443 5.56 0.0115 Air_Pollution(t-2) 
 AR3_1_1 -0.49164 0.27847 -1.77 0.1757 Cancerdealth(t-3) 
 AR3_1_2** 0.24437 0.06481 3.77 0.0327 Air_Pollution(t-3) 	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels 
 
 
With regard to infant mortality, our VAR (3) model was not able to detect causality up to 
three years.  The coefficients for air pollution turned out not to be statistically significant at any 
lags (Table 4.33).    
Table 4. 33: Virginia VAR Results for Infant Mortality  
 
Model Parameter Estimates       
Equation Parameter Estimate Standard 
Error 
t Value Pr > |t| Variable  
Infantmortality CONST1 2.65205 4.16522 0.64 0.5696 1  
 AR1_1_1 -0.95576 1.19082 -0.8 0.4809 Infantmortality(t-1) 
 AR1_1_2 -0.89704 0.65281 -1.37 0.2631 Air_Pollution(t-1) 
 AR2_1_1 -1.13029 1.677 -0.67 0.5486 Infantmortality(t-2) 
 AR2_1_2 0.52146 1.62557 0.32 0.7694 Air_Pollution(t-2) 
 AR3_1_1 0.41997 0.6912 0.61 0.5864 Infantmortality(t-3) 
 AR3_1_2 1.39239 2.16894 0.64 0.5666 Air_Pollution(t-3) 	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels 
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With regard to premature death measure, we find a statistically significant coefficient for 
air pollution at lag 3 only as presented in Table 4. 34.  There seems to be a weak causality 
between air pollution and premature death. 
Table 4. 34: Virginia VAR Results for Premature Death  
 
Model Parameter Estimates       
Equation Parameter Estimate Standard t Value Pr > |t| Variable  
   Error     
Prematuredeath CONST1 14.59157 14.32189 1.02 0.3833 1  
 AR1_1_1 -0.66632 0.54407 -1.22 0.3081 Prematuredeath(t-1) 
 AR1_1_2 0.11386 0.61693 0.18 0.8653 Air_Pollution(t-1) 
 AR2_1_1 -0.12787 0.78232 -0.16 0.8806 Prematuredeath(t-2) 
 AR2_1_2 -0.51863 1.06101 -0.49 0.6585 Air_Pollution(t-2) 
 AR3_1_1 -0.02449 0.66012 -0.04 0.9727 Prematuredeath(t-3) 
 AR3_1_2*** 1.00562 0.35482 2.83 0.0011 Air_Pollution(t-3) 
        *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels 
 
To summarize, our results indicate that air pollution has significant causal effect on 
cancer death and a weak causality detected for premature death. In a global study conducted by 
Lelieveld, Evans, Fnais, Giannadaki, and Pozzer (2015), the authors find air pollution contributes 
to millions premature deaths per year worldwide, predominately in Asia. It is caused by 
residential energy use such as heating and cooking in India and China, whereas in much of the 
USA and in a few other countries emissions from traffic and power generation are significant.  
Jerrett et al. (2013) find positive associations of fine particulate matter, O3, and NO2 with 
mortality in California. They conclude that the positive associations of NO2 suggest that traffic 
pollution relates to premature death. This study finds a significant causal relation between cancer 
deaths and air pollution up to two years that was not previously reported in the literature. 
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 Health Outcome and Socio Economic Factors  
Table 4. 35 depicts descriptive statistics and correlation relations for health outcomes and 
socio economic variables. High school graduation and income disparity display very high and 
statistically significant correlations with all measures of health outcomes. Unemployment rate 
and change in personal income display high correlations to cancer deaths and cardiovascular 
deaths.  Income disparity is highly correlated with high school graduation but not with 
unemployment rate and change in personal income. 
 
  
	Table 4. 35. Virginia Descriptive Statistics and Correlations for Health Outcomes and Socioeconomic Variables (1992-2015) 
Panel A Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality High_School_Graduation Unemployment Rate 
Cpersonal 
Income 
Income 
Disparity 
N 26 26 26 26 26 26 25 26 
Mean 8.90522 5.31684 5.78348 2.06625 76.5536 4.46154 3.71985 0.44317 
Std. Dev 0.07098 0.03761 0.17071 0.15555 3.84358 1.32878 1.96253 0.01943 
Sum 231.53578 138.23789 150.37052 53.72242 1990 116 92.99625 11.5223 
Minimum 8.76951 5.2428 5.47688 1.84055 71.9 2.3 -2.03532 0.473 
Maximum 9.03109 5.36317 6.02393 2.36085 88.6 6.9 6.60736 0.406 
 Panel B Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality High_School_Graduation Unemployment Rate 
Cpersonal 
Income 
Income 
Disparity 
Prematuredeath 1      
 
 
          Cancerdealth 0.78358*** 1        (<.0001)        Cardiovascular 
Death 0.90591*** 0.93073*** 1    
 
 
 (<.0001) (<.0001)       Infantmortality 0.92935*** -0.79817 0.81301*** 1     
 (<.0001) (<.0001) (<.0001)    
 
 
High_School_Gr
aduation 
-0.67608*** -0.79817*** -0.74947*** -0.58114*** 1    <.0001 <.0001 <.0001 <.0001     
Unemployment 
Rate 
-0.02455 -0.39418** -0.34959* 0.12867 0.17293 1   
0.9052 0.0463 0.08 0.531 0.3982    
Cpersonal 
Income 
0.21884 0.38417* 0.36554* 0.06631 -0.1965 -0.57001 1  0.2933 0.058 0.0723 0.7528 0.3465 0.0029   
Income 
Disparity 
-0.79647*** -0.72141*** -0.79482*** -0.81112*** 0.62675*** -0.01237 0-.10811 1 
<.0001 <.0001 <.0001 <.0001 <.0001 0.9522 0.607   In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
	Regression results for income disparity are reported in Table 4. 36.23 The coefficients for 
income disparity are significant in all regression models.  All the models yield high r-squares.  
The highest r-squares were obtained for infant mortality and premature death, 66% and 63%, 
respectively. These regression results indicate that income disparity plays a very important role 
in health outcomes.  World leaders, including president Obama (2014), have identified income 
inequality as the most important problem of our time and point out to its tremendous social cost.    
There is an extensive body of research examining the relation between income inequality and 
health. Pickett and Wilkinson (2015) provide a comprehensive literature review to search for 
causality relation between income disparity and health.   
Table 4. 36 – Virginia Regression Results for Income Disparity  
 
 
     
Variable Intercept Income Disparity   
R-
Square 
Adjusted 
R-Square 
Prematuredeath 
10.19442*** -2.90907*** 
  0.6344 0.6191 
<.0001 <.0001 
Cancerdealth 
5.93553*** -1.39607*** 
  0.5204 0.5004 
<.0001 <.0001 
Cardiovasculardeath 
4.04881*** -6.98166*** 
  0.6317 0.6164 
<.0001 <.0001 
Infantmortality 
4.94344*** -6.49238** 
  0.6579 0.6437 
<.0001 0.0014 
 *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
 
 
We report regression results for high school graduation in Table 4.37.  Similar results for 
income disparity, we find high school graduation has significant impact on all health measures.  
The models with the highest r-squares are cancer death and cardiovascular death. Thus, we 
																																																						
23	The	regression	models	for	unemployment	rate	and	change	in	personal	income	did	not	yield	good	
results	and	to	conserve	space	are	not	reported	here.	
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conclude that high school graduation rate is closely associated with all measures of health 
outcome. Granger causality results for income disparity are reported in Table 4.38. The results 
indicate that income disparity Granger causes cardiovascular death. However, no causality 
detected between income disparity and other measures of health outcome. Pickett and Wilkinson 
(2015), in their extensive literature review within an epidemiological causal framework, infer 
that wider income differences play a causal role leading to worse health (including violence) by 
considering the evidence as a whole. They conclude that the body of evidence strongly suggests 
that income inequality affects population health and wellbeing and for the small minority of 
studies which find no association, most can be explained by either income inequality being 
measured at an inappropriate scale or the use of the use of “subjective rather than objective 
measures of health.” The evidence that large income differences have damaging health and social 
consequences is strong and in most countries inequality is increasing. Narrowing the gap will 
improve the health and wellbeing of populations. 
Table 4. 37: Virginia Regression Results for High School Graduation  
      
Variable Intercept High School Graduation   
R-
Square 
Adjusted 
R-Square 
Prematuredeath 
9.86104*** -0.01249*** 
  0.4571 0.4345 
<.0001 <.0001 
Cancerdealth 
5.91472*** -0.00781*** 
  0.6371 0.6219 
<.0001 <.0001 
Cardiovasculardeath 
8.33169*** -0.03329*** 
  0.5617 0.5434 
<.0001 <.0001 
Infantmortality 
3.86673*** -6.49238** 
  0.3373 0.3101 
<.0001 0.0014 
 
• denotes significance at the 10% level; ** denotes significance at the 5% level; and 
*** denotes significance at the 1% level. The numbers below the coefficients are 
probability levels. 
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Table 4. 38: Virginia Granger-Causality Wald Test for Income Disparity  	
Group	1	Variables	 Group	2	
Variables:	
		 Chi-Square	 Pr	>Chi-square	
Cancerdeath	 Income	Disparity	 		 4.21	 0.5199	Infantmortality	 Income	Disparity	 		 5.89	 0.3172	Prematuredeath	 Income	Disparity	 		 5.79	 0.3269	Cardiovasculardeath		 Income	Disparity	 		 10.18	 0.0702	
 
We fit an AR (5) to cardiovascular death and income disparity.  The results are presented 
in Table 4. 39.  The results indicate that there is a causal link between income disparity and 
cardiovascular death at lag 2 (AR2_1_2). We provide a direct causal liken between income 
disparity and health that was not reported in the previous studies.  
Table 4. 39: Virginia VAR Results for Cardiovascular Deaths  
Model Parameter Estimates      
Equation Parameter Estimate Standard t Value Pr > |t| Variable  
   Error     
Cardiovasculardeath CONST1 1.05645 0.49223 2.15 0.0574 1  
 AR1_1_1 1.72413 0.3293 5.24 0.0004 Cardiovasculardeath(t-1) 
 AR1_1_2 -0.18518 0.20001 -0.93 0.3763 Income_Disparity(t-1) 
 AR2_1_1 -1.31827 0.6043 -2.18 0.0541 Cardiovasculardeath(t-2) 
 AR2_1_2 -0.52993 0.18871 -2.81 0.0185 Income_Disparity(t-2) 
 AR3_1_1 0.88721 0.60772 1.46 0.175 Cardiovasculardeath(t-3) 
 AR3_1_2 0.03258 0.1451 0.22 0.8269 Income_Disparity(t-3) 
 AR4_1_1 0.07373 0.54131 0.14 0.8944 Cardiovasculardeath(t-4) 
 AR4_1_2 -0.21493 0.13312 -1.61 0.1375 Income_Disparity(t-4) 
 AR5_1_1 -0.4695 0.3349 -1.4 0.1912 Cardiovasculardeath(t-5) 
 AR5_1_2 -0.1414 0.12918 -1.09 0.2993 Income_Disparity(t-5) 
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 Table 4. 40 display Granger causality results for high school graduation.  The results reveal a 
strong causal link between high school graduation and premature death.   
Table 4. 40: Virginia Granger-Causality Wald Test for High School Graduation) 
Group 1 Variables Group 2 
Variables: 
  Chi-Square Pr >Chi-square 
Cancerdeath High School 
Graduation 
  5.19 0.3931 
Infantmortality High School 
Graduation 
  4.35 0.4996 
Prematuredeath High School 
Graduation 
  25.50 0.0001 
Cardiovasculardeath  High School 
Graduation 
  1.47 0.9165 
 
To investigate further the link between high school graduation and premature death, we 
fit an AR (5) model to premature death and high school graduation. The results show a strong 
causal link between high school graduation and premature death up to the lag of 5 years (Table 4. 
41).  This strong causal link indicates that increase in high school graduation leads to lower 
premature death.  The links between health, wealth, and education have been studied extensively 
in the literature with the general finding that higher socioeconomic status (SES) is associated 
with better health and longer life. Evidence has accumulated, however, pointing to 
socioeconomic factors such as income, wealth, and education as the fundamental causes of a 
wide range of health outcomes.  However, there have been few studies that establish casual link 
behind this association. This study provides a direct causal link between two SES factors 
(income disparity and high school graduation) and two measures of health outcome 
(cardiovascular death and premature death). 
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Table 4. 41: Virginia VAR Results for Premature Deaths  
 
Model Parameter Estimates      
Equation Parameter Estimate Standard 
Error 
t Value Pr > |t| Variable  
Prematuredeath CONST1 2.97862 1.39643 2.13 0.0587 1  
 AR1_1_1 0.65146 0.26255 2.48 0.0325 Prematuredeath(t-1) 
 AR1_1_2 -0.00946 0.00255 -3.71 0.004 High_School_Graduation(t-1) 
 AR2_1_1 0.23124 0.30932 0.75 0.4719 Prematuredeath(t-2) 
 AR2_1_2 0.00473 0.00338 1.4 0.1922 High_School_Graduation(t-2) 
 AR3_1_1 0.66571 0.33685 1.98 0.0763 Prematuredeath(t-3) 
 AR3_1_2 -0.006 0.00339 -1.77 0.1072 High_School_Graduation(t-3) 
 AR4_1_1 -0.48714 0.29923 -1.63 0.1346 Prematuredeath(t-4) 
 AR4_1_2 0.00866 0.00351 2.47 0.0331 High_School_Graduation(t-4) 
 AR5_1_1 -0.32904 0.30747 -1.07 0.3097 Prematuredeath(t-5) 
 AR5_1_2 -0.00579 0.00271 -2.14 0.0582 High_School_Graduation(t-5) 
 
 Health Outcomes and Policy Factors 
Virginia’s public health funding, which is measurer as the dollars per person that are spent on 
population health through funding from CDC, is ranked very low (in 30th place).  Virginia spends 
only $66 on public health funding vs. $98 spent by the average in the U.S. Figure 4.8 shows the 
time trend public health funding for the state of Virginia. In the beginning of the data (2007), 
Virginia outspend the nation in public health funding but it sharply declined after the Great 
Recession of 2008 and it has not recovered yet.   
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Figure 4.8 Time trend of public health funding for the state of Virginia. 
Table 4. 42 provides descriptive statistics and correlation among variables in model 4 
which are health outcomes and policy factors. All the variables in the table are in natural 
logarithm format in order to facilitate comparison among variables. Among health outcome 
variables, premature death has the highest mean and cardiovascular death has the highest 
variability (standard deviation). All health outcomes, as expected, are highly correlated and 
statistically significant at the one percent level. Among the policy variables, lack of health 
insurance has no correlation to any of health outcomes measures and public health funding is 
correlated to premature death and infant mortality at 5% and 10% significance level, respectably.  
These correlations reveal the importance of public health funding. Our two independent 
variables, public health funding and lack of health insurance are negatively correlated but the 
correlation is not significant at acceptable any statistical level. 
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Table 4.42: Virginia Descriptive Statistics and Correlations for Policy Factors (1992-2015) 
 
Panel A Prematuredeath 
Cancerdea
lth 
Cardiovasculard
eath 
Infantmortal
ity   
Lackofhealthinsur
ance 
Publichealthfun
ding 
N 26 26	 26	 26	 		 26	 26	
Mean 8.90522 5.31684 5.78348 2.06625  2.56488 0.07908 
Std. Dev 0.07098 0.03761 0.17071 0.15555  0.09757 0.47693 
Sum 231.53578 138.23789 150.37052 53.72242  66.68681 1.97688 
Minimum 8.76951 5.2428 5.47688 1.84055  2.38876 -0.61287 
Maximum 9.03109 5.36317 6.02393 2.36085  2.79117 2.18548 
 Panel B Prematuredeath 
Cancerdea
lth 
Cardiovasculard
eath 
Infantmortal
ity   
Lackofhealthinsur
ance 
Publichealthfun
ding 
Prematuredeath 1       
        
 Cancerdealth 0.78358*** 1      
 (<.0001)       
Cardiovasculardeat
h 0.90591*** 
0.93073**
* 1     
 (<.0001) (<.0001)      
Linfantmortality 0.92935*** 0.64729*** 0.81301*** 1    
 (<.0001) (<.0001) (<.0001)     
Lackofhealthinsura
ncee 0.1875 0.07008 0.10645 0.24855  1  
 -0.359 -0.7337 -0.6048 -0.2208    
Publichealthfundin
g -0.39300
** 0.19199 0.30542 -0.36963*  0.3074 1 
  0.052 0.3579 0.3579 (.0690)   -0.135   	This	table	provides	summary	statistics	(Panel	A)	and	correlation	coefficients	(Panel	B)	for	the	full	sample	of	
26	annual	observations	from	1992-2015.	In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
  
 
The multiple regression results for different health outcomes measures on policy 
variables are presented in Table 4.43.  The coefficients for policy variables, lack of health 
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insurance and public health funding, are not significant at any acceptable statistical levels.  F 
values which tests the overall significance of the regression model in not significant in any of the 
models and R squares are very low.  It might not be too surprising not to find any significant 
coefficients in these regression models since the effect of policy variables are not immediate and 
it takes time for these variables to show their effects on health outcomes. 
 
Table 4. 43 - Virginia Regression Results for policy variables  	
Variable	 Intercept	 Lackofhealthinsurance	 Publichealthfunding	 F	
Value	
R-
Square	
Adjusted	
R-
Square	
Prematuredeath	 8.71992***	<.0001	 0.05403	0.6354	 0.05654	0.7445	 0.18	0.8412	 0.031	 -0.1452		
Cancerdealth	 5.61504***	<.0001	 -0.12693	0.3111	 0.07776	0.3839	 0.97	0.4096	 0.1498	 -0.0048	
Cardiovasculardeath 
	
6.86373***	0.0001	 -0.47365	0.3286	 0.25050	0.4668	 0.80	0.4730	 0.1273		 -0.0314	
Infantmortality 
	
1.50679***	0.0065	 0.17785	0.3363	 0.00064	0.9960	 0.51	0.6166	 0.0842	 -0.0824		 	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.		
   To investigate this possibility we turn to Granger causality tests.  Table 4.44 presents the 
results for Granger causality. We find that both of our independent variables, public health 
funding and lack of health insurance, Granger cause cancer death. This relationship is 
statistically significant at the 1% level and indicated by Chi-square statistics. We also find that 
our independent variables Granger cause cardiovascular death. However, we do not find any 
causality between public health funding and lack of health insurance with our health outcome 
measures of infant mortality and premature death.   
		
118	
Table 4. 44 - Virginia Granger-Causality Wald Test for policy variables  
 
 
Group 1 Variables Group 2 Variables:   Chi-Square Pr >Chi-square 
Cancerdealth Publichealthfunding Lackofhealthinsurance   
61.71*** 
<.0001 
   
 
 
Infantmortality Publichealthfunding 
Lackofhealthinsurance  
2.25 0.9941 
     
Prematuredeath Publichealthfunding 
Lackofhealthinsurance  
6.27 0.7924 
  
 
  
Cardiovasculardeath  Publichealthfunding 
Lackofhealthinsurance   
54.92*** <.0001 
      *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.		
 To investigate causality further, we fit VAR(5) models to both measures of cancer death 
and cardiovascular deaths utilizing lack of health insurance and public health funding measures.  
The results for cancer deaths are reported in Table 4. 45. Turning our attention to lack of health 
insurance, we find that lack of health insurance has positive and significant effects at lags 1 
(AR1_1_2), 4 (AR4_1_2), and 5 (AR5_1_2).  The results clearly indicate that lack of health 
insurance has a major effect on cancer death that up to at least 5 years.24  We could not fit a 
longer than 5 year model due the small number of observations.    
 Turning our attention to public health funding, we find that public health funding 
coefficients on cancer death are statistically significant at lags 1 (AR1_1_3), 4 (AR4_1_2), and 5 
																																																						
24 We could not fit a longer than 5 year model due the small number of observations.   A VAR (6) model turned out 
not to be full rank. 
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(AR5_1_3) similar to our findings for lack of health insurance results.  We conclude that policy 
variables have very significant effects on cancer death. 
 
Table 4. 45 – Virginia VAR Results for Cancer Deaths  
 
Model	Parameter	Estimates	
	    Equation	 Parameter	Estimate	 Standard	Error	 t	Value	 Pr	>	|t|	 Variable	
Cancerdeath	
	    CONST1	 0.57689***	 0.20992	 2.75	 0.0515	 1	
AR1_1_1	 1.97922***	 0.25178	 6.95	 0.0023	 Cancerdeath(t-1)	
AR1_1_2	 0.05769**	 0.0205	 2.81	 0.0481	 Lackofhealthinsurance(t-1)	
AR1_1_3	 -0.05836**	 0.02167	 -2.69	 0.0545	 Publichealthfunding(t-1)	
AR2_1_1	 -1.57203**	 0.52563	 -2.99	 0.0403	 Cancerdeath	(t-2)	
AR2_1_2	 0.02854	 0.03181	 0.9	 0.4204	 Lackofhealthinsurance(t-2)	
AR2_1_3	 -0.01001	 0.01503	 -0.67	 0.5418	 Publichealthfunding(t-2)	
AR3_1_1	 0.37551	 0.4022	 0.93	 0.4033	 Cancerdeath	(t-3)	
AR3_1_2	 0.07016**	 0.0245	 2.86	 0.0457	 Lackofhealthinsurance(t-3)	
AR3_1_3	 -0.05350***	 0.01098	 -4.87	 0.0082	 Publichealthfunding(t-3)	
AR4_1_1	 1.09003*	 0.4763	 2.29	 0.084	 Cancerdeath	(t-4)	
AR4_1_2	 0.06104**	 0.02178	 2.8	 0.0487	 Lackofhealthinsurance(t-4)	
AR4_1_3	 -0.03121**	 0.01403	 -2.22	 0.0902	 Publichealthfunding(t-4)	
AR5_1_1	 -0.96635***	 0.29617	 -3.26	 0.031	 Cancerdeath	(t-5)	
AR5_1_2	 0.02552	 0.01918	 1.33	 0.2541	 Lackofhealthinsurance(t-5)	
AR5_1_3	 0.00934	 0.00774	 1.21	 0.294	 Publichealthfunding	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
  
The results for the cardiovascular death and the effect of policy variables on this measure of 
health outcomes are reported in Table 4. 46.  Focusing on lack of health insurance policy 
variable, we find that this variable has statistically significant effects at lags 1 (AR1_1_2), 3 
(AR3_1_2), and 4 (AR4_1_2).  There is a clear evidence that lack of health insurance has major 
effect on cardiovascular death.   
 In terms of our second policy variable (public health funding), we find that this variable 
influences cardiovascular death at lags 1 (AR1_1_3), 3 (AR3_1_3), and lag 4 (AR4_1_3). 
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Table 4. 46 – Virginia VAR Results for Cardiovascular Deaths  
 
Model Parameter Estimates     
Equation Parameter Estimate Standard Error t Value Pr > |t| Variable 
Cardiovasculardeath     
CONST1 0.57689*** 0.20992 2.75 0.0515 1 
AR1_1_1 1.97922*** 0.25178 6.95 0.0023 Cardiovasculardeath(t-1) 
AR1_1_2 0.05769** 0.0205 2.81 0.0481 Lackofhealthinsurance(t-1) 
AR1_1_3 -0.05836** 0.02167 -2.69 0.0545 Publichealthfunding(t-1) 
AR2_1_1 -1.57203** 0.52563 -2.99 0.0403 Cardiovasculardeath(t-2) 
AR2_1_2 0.02854 0.03181 0.9 0.4204 Lackofhealthinsurance(t-2) 
AR2_1_3 -0.01001 0.01503 -0.67 0.5418 Publichealthfunding(t-2) 
AR3_1_1 0.37551 0.4022 0.93 0.4033 Cardiovasculardeath(t-3) 
AR3_1_2 0.07016** 0.0245 2.86 0.0457 Lackofhealthinsurance(t-3) 
AR3_1_3 -0.05350*** 0.01098 -4.87 0.0082 Publichealthfunding(t-3) 
AR4_1_1 1.09003* 0.4763 2.29 0.084 Cardiovasculardeath(t-4) 
AR4_1_2 0.06104** 0.02178 2.8 0.0487 Lackofhealthinsurance(t-4) 
AR4_1_3 -0.03121** 0.01403 -2.22 0.0902 Publichealthfunding(t-4) 
AR5_1_1 -0.96635*** 0.29617 -3.26 0.031 Cardiovasculardeath(t-5) 
AR5_1_2 0.02552 0.01918 1.33 0.2541 Lackofhealthinsurance(t-5) 
AR5_1_3 0.00934 0.00774 1.21 0.294 Publichealthfunding *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.		
Results for State of Hawaii  
 
The state of Hawaii is ranked at the top of ranking of American Health Ranking (AHR) in 
2016. According to AHR, Hawaii has ranked as the healthiest state throughout of most of the 
start of ranking since 1990.  The state challenges include high prevalence of excessive drinking 
and increases in physical inactivity in recent years while its strengths include low prevalence of 
obesity and low percentage of population without insurance. In terms of health outcomes, the 
state ranks in near the top for low Cancer Death and Cardiovascular Deaths.  Figure 4.9 shows 
the time trend for health ranking of the state of Hawaii since the beginning of our data set from 
AHR. 
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Figure 4.9 – Time trend for health ranking of the state of Hawaii 
 
Health Outcomes and Behavioral Factors  
 Table 4. 47, Panel A, presents descriptive statistics used for Model (1).  Premature death 
is the leading cause of death in state of Hawaii followed by cardiovascular death, cancer death, 
and infant morality.  The data for excessive drinking starts in 1997 while physical inactivity 
starts in 1996 and there are only 18 and 19 observations available for analysis, respectively.  
Panel B presents correlation among health outcomes variables and behavioral factors.  All 
measures of health outcome are highly correlated with smoking and obesity while cardiovascular 
death and infant mortality are also correlated with excessive drinking. Among the behavioral 
factors, smoking and binge drinking are highly correlated at the 1% of significance and obesity is 
highly correlated to binge drinking while binge drinking and physical inactivity are highly 
correlated.
	Table 4. 47 – Hawaii Descriptive Statistics and Correlations for Behavioral Factors (1992-2015) 
Panel A Prematurede
ath 
Cancerdealth Cardiovascu
lardeath 
Infantmortali
ty 
Smoking Binge_drinking Obesity Physicalinactivity 
N 26 26	 26	 26	 26	 18	 26	 19	
	  Mean 8.74640 5.07000 5.55027 1.88230 18.46923 16.21667 16.61538 19.45789 
  Std. Dev 0.03904 0.01677 0.12920 0.12740 3.20759 2.75323 5.06744 1.67508 
  Sum 227.40627 131.82004 144.30696 48.93986 480.20000 291.90000 432.0000 369.70000 
  Minimum 8.67676 5.29381 5.29381 1.62924 16.40000 11.30000 9.10000 16.10000 
  Maximum 8.82732 5.10048 5.68901 2.20827 27.60000 21.50000 23.60000 23.20000 
		 		
 Panel B Prematurede
ath 
Cancerdealth Cardiovascu
lardeath 
Infantmortali
ty 
Smoking Binge_drinking Obesity Physicalinactivity 
Prematurede
ath 
1        
 Cancerdealth 0.48629** 1       
 (0.0118)        
Cardiovascul
ardeath 
0.30960 0.68799*** 1      
 (0.1238) (<.0001)       
Infantmortali
ty 
0.40101** 0.40612** 0.70866*** 1     
 (0.0423) (<.0001) (<.0001)      
Smoking 0.55642*** 0.54245*** 0.81129*** 0.85077*** 1    
0.0032 0.0042 <.0001 <.0001     
Binge_drinki
ng 
0.19591 -0.25812 -0.46146* -0.74448*** -0.70455*** 1   
0.4359 0.3011 0.0539 0.0004 <.0001    
Obesity -0.43130** -0.73671*** -0.72617*** -0.82996*** -0.23795 0.70952*** 1  
0.0278 <.0001 <.0001 <.0001 0.2418 <.0001   
Physicalinacti
vity 
0.07077 0.04366 0.40369* 0.05309 -0.14154 0.46358** -0.01445 1 
0.7734 0.8591 0.0865 0.8291 0.5633 0.0527 0.9532 		This	table	provides	summary	statistics	(Panel	A)	and	correlation	coefficients	(Panel	B)	for	the	full	sample	of	26	annual	observations	from	1992-2015.	In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels. 
	In Table 4.48, the regression results for smoking are presented.  Smoking is associated with all 
measures of health outcomes. The coefficients for smoking are statistically significant at the 1% 
level and R2 for these models ranges from 0.2943 for cancer death to 0.7238 for infant mortality. 
 
Table 4. 48 – Hawaii Regression Results for Smoking  
      
Variable Intercept Smoking   R-Square Adjusted R-Square 
Prematuredeath 
98.62132*** 0.00677*** 
<.0001   0.3096 0.2808 
<.0001 
Cancerdealth 
5.01761*** 0.00284*** 
  0.2943 0.2649 
<.0001 <.0001 
Cardiovasculardeath 
4.94672*** 0.03268*** 
  0.6582 0.6440 
<.0001 <.0001 
Infantmortality 
1.25821*** 0.03379*** 
  0.7238 0.7123 
<.0001 <.0001 
      *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
 
The regression results for obesity are presented in Table 4. 49.  All measures of health 
outcome are negatively associated with obesity with R2 ranging from 0.1860 (premature death) 
and 0.7353 (cardiovascular death). The negative signs for obesity coefficients are 
counterintuitive.  However, given the rise in obesity rate from around 10% in 1990 to over 22% 
in 2016 and fall in all heath outcome measures during this period, the negative sign makes sense.  
Our regression models did not yield any meaningful results for other behavioral factors. 
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Table 4. 49 – Hawaii Regression Results for Obesity 
      
Variable Intercept Obesity   R-Square Adjusted R-Square 
Prematuredeath 
8.80160*** -0.00332** 
0.0278   0.1860 0.1521 
<.0001 
Cancerdealth 
5.01761*** -0.00244*** 
  0.5427 0.7243 
<.0001 <.0001 
Cardiovasculardeath 
5.91353*** -0.02186*** 
  0.7353 0.6440 
<.0001 <.0001 
Infantmortality 
2.18564*** -0.01826*** 
  0.5273 0.5076 
<.0001 <.0001 
      *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.		Note:	The	regression	results	for	other	behavioral	factor	did	not	yield	meaningful	results	and	thus	are	not	reported	here.		 	Table 4. 50 presents the results for Granger causality Wald test.  Due to small number of 
observations for some behavioral factors, we could only fit an AR(2) model.  Given this 
limitation, we find behavioral factors as a group Granger cause infant mortality and 
cardiovascular death. The Chi-square for theses model are significant at the 1% level and 5% 
levels, respectively. 
Table 4. 50 – Hawaii Granger-Causality Wald Test  
 
Group 1 Variables Group 2 Variables:  Chi-Square Pr >Chi-square 
 
Cancerdeath Smoking 
Binge_drinking Obesity 
Physicalinactivity 
 2.46 0.9637 
Infantmortality Smoking 
Binge_drinking Obesity 
Physicalinactivity 
 20.60 0.0083 
Prematuredeath Smoking 
Binge_drinking Obesity 
Physicalinactivity 
 2.01 0.9807 
Cardiovasculardeath
  
Smoking 
Binge_drinking Obesity 
Physicalinactivity 
 18.98 0.0150 
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The results for VAR (2) model for infant mortality are presented in Table 4. 51.  Among 
all the behavioral factors, the only variable that seems to influence infant mortality is smoking at 
the lag of one year.  The coefficient for smoking at lag 1 is statistically significant at the 10% 
level. 
Table 4. 51 – Hawaii VAR Results for Infant Mortality  
 
	
Model Parameter Estimates       
Equation Parameter Estimate Standard t Value Pr > |t| Variable 
  
   Error      
Infantmortality CONST1 1.63974 1.13461 1.45 0.2080 1 
 AR1_1_1 0.08733 0.38267 0.23 0.8285 Infantmortality(t-1) 
 AR1_1_2 0.04802** 0.02138 2.25 0.0746 Smoking(t-1) 
 AR1_1_3 -0.01593 0.02105 -0.76 0.4833 Binge_drinking(t-1) 
 AR1_1_4 0.00148 0.01532 0.10 0.9267 Obesity(t-1) 
 AR1_1_5 0.02335 0.01420 1.64 0.1609 Physicalinactivity(t-1) 
 AR2_1_1 -0.42802 0.52188 -0.82 0.4494 Infantmortality(t-2) 
 AR2_1_2 0.00110 0.02422 0.05 0.9656 Smoking(t-2) 
 AR2_1_3 0.00228 0.01820 0.13 0.9052 Binge_drinking(t-2) 
 AR2_1_4 0.00465 0.01547 0.30 0.7758 Obesity(t-2) 
 AR2_1_5 -0.01895 0.02114 -0.90 0.4112 Physicalinactivity(t-2) 
	
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes 
significance at the 1% level. The numbers below the coefficients are probability levels 
  
 
In Table 4. 52, we present the results for cardiovascular death. The only variable that 
influences cardiovascular death is obesity.  According to the model, obesity has the most 
influence on cardiovascular death with lag of at least one year. The coefficient for lag one is 
significant at the 10% level. It is clear that one of the challenges that the state of Hawaii faces is 
dealing with obesity that Granger causes cardiovascular death, similar to the rest of the nation.  
 
 
 
		
126	
 
Table 4. 52 – Hawaii VAR Results for Cardiovascular Death  
 
Model Parameter Estimates        
Equation Parame
ter 
Estimat
e 
Standa
rd 
t Val
ue 
Pr > |
t| 
Variabl
e 
  
   Error      
Cardiovascular
death 
CONST
1 
1.80258 1.1875
3 
1.52 0.189
5 
1   
 AR1_1_
1 
0.25314 0.4821
9 
0.52 0.622
0 
cardiovasculardeath(t-1) 
 AR1_1_
2 
-
0.00040 
0.0069
8 
-0.06 0.956
2 
Smoking(t-1)  
 AR1_1_
3 
0.00101 0.0043
6 
0.23 0.825
3 
Binge_drinking(t-1)  
 AR1_1_
4 
0.01008
** 
0.0045
0 
2.24 0.075
1 
Obesity(t-1)  
 AR1_1_
5 
0.00362 0.0036
9 
0.98 0.371
8 
Physicalinactivity(t-1) 
 AR2_1_
1 
0.44535 0.3798
7 
1.17 0.293
9 
cardiovasculardeath(t-2) 
 AR2_1_
2 
-
0.00018 
0.0065
4 
-0.03 0.978
7 
Smoking(t-2)  
 AR2_1_
3 
-
0.00315 
0.0048
8 
-0.65 0.547
0 
Binge_drinking(t-2)  
 AR2_1_
4 
-
0.00447 
0.0067
1 
-0.67 0.535
4 
Obesity(t-2)  
 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes significance at the 
1% level. The numbers below the coefficients are probability levels 
 
	
Health Outcomes and Air Pollution 
 Although the state of Hawaii’s air quality is among the top states and ranked number 12 
in the country, as the graph below  (Figure 4.10) shows the air pollution has been on the rise 
since 2009 while the trend for the nation is on the decline. 
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Figure 4.10 – Trend in air pollution in Hawaii relative to the U.S. 
 
Table 4. 53, Panel A, presents descriptive statistics used for Model (2).  Premature death 
is the leading cause of death in Mississippi followed by cardiovascular death, cancer death, and 
infant morality. The data for air pollution starts in 2002 and only 13 observations are available 
for analysis.  Panel B presents correlation among health outcomes variables and air pollution. 
Premature death and cancer death do not seem to be correlated with air pollution. Cardiovascular 
death and infant mortality are correlated with air pollution at the 1% and 5%, respectively.  
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Table 4. 53: Hawaii Descriptive Statistics and Correlations for Environmental Factors 
(1992-2015) 
 
Panel A Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality Air 
Pollution 
N 26 26 26 26 13 
Mean 8.74640 5.07000 5.55027 1.88230 1.83621 
Std. Dev 0.03904 0.01677 0.12920 0.12740 0.27605 
Sum 227.40627 131.82004 144.30696 48.93986 23.87074 
Minimum 8.67676 5.04536 5.29381 1.62924 1.52606 
Maximum 8.82732 5.10048 5.68901 2.20827 2.20827 
 Panel B Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality Air 
Pollution 
Prematuredeath 1     
      
 Cancerdealth 0.48629** 1    
 (0.0118)     
Cardiovasculardeath 0.30960 0.68799*** 1   
 (0.1238) (<.0001)    
Infantmortality 0.40101** 0.40612** 0.70866*** 1  
 (0.0423) (<.0001) (<.0001)   
      
Air Pollution -0.07994 -0.22778 -0.83126*** 0.52443** 1 
0.7952 0.4542 <.0001 0.0658   This	table	provides	summary	statistics	(Panel	A)	and	correlation	coefficients	(Panel	B)	for	the	full	sample	of	
26	annual	observations	from	1992-2015.	In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.	
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The regression results for air pollution are reported in Table 4. 54.  The results indicate 
that premature death and cancer death are not associated with air pollution. However, the 
coefficients for air pollution are highly significant for cardiovascular death and infant mortality 
at the 1% level.  The model for cardiovascular death yields a high R2 (0.6910).  The signs for air 
pollution coefficients for both cardiovascular death and infant mortality are negative which is 
counterintuitive.  Thus, a causality model would be more appropriate with this type of analysis. 
 
Table 4. 54: Hawaii Regression Results for Air Pollution  
 
 
     
Variable Intercept Air Polution   R-Square 
Adjusted 
R-Square 
Prematuredeath 
8.75291*** -0.01046 
  0.0064 -0.0839 
<.0001 0.7952 
Cancerdealth 
5.07021*** -0.03636 
  0.0519 -0.0343 
<.0001 0.2681 
Cardiovasculardeath 
2.10938*** -0.34052*** 
  0.6910 0.6629 
<.0001 <.0001 
Infantmortality 
0.2750*** -0.16343*** 
  0.2750 0.2091 
<.0001 0.0658 
 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes significance at the 
1% level. The numbers below the coefficients are probability levels. 
  
The results for Granger causality Wald test are reported in Table 4. 55.  We fit a VAR (3) 
model due to the small number of observations for air pollution. In contrast to regression results 
reported in Table 8, we find that air pollution Granger causes cancer death, infant mortality, 
premature death and cardiovascular at highly statistically significant levels. Recall that the 
regression results indicated only two health outcomes are related to air pollution. The causality 
results clearly indicate that there is a causal relation running from air pollution to all measures of 
health outcome.  
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Table 4. 55: Hawaii Granger-Causality Wald Test for Environmental Factor 
 
 
Group 1 Variables Group 2 
Variables: 
Chi-Square Pr >Chi-square 
Cancerdeath Air_Pollution 25.20 <.0001 
Infantmortality Air_Pollution 2.80 0.1203 
Prematuredeath Air_Pollution 7.62 0.0545 
Cardiovasculardeath  Air_Pollution 6.96 0.0731 
 
 In Table 4. 56 we report the results for cancer death.  We find that there is a causality 
directed from air pollution to cancer death at lag of 2 years.  The coefficient for air pollution is 
significant at the 10% level.  
Table 4. 56 – Hawaii VAR Results for Cancer Death  
 
 
Model Parameter Estimates       
Equation Parameter Estimate Standar
d 
t Valu
e 
Pr > |t| Variable  
   Error     
Cancerdealth CONST1 4.09583 2.76339 1.48 0.2349 1  
 AR1_1_1 -0.23892 0.27969 -0.85 0.4558 Cancerdealth(t-1) 
 AR1_1_2 0.03059 0.01902 1.61 0.2060 Air_Pollution(t-1) 
 AR2_1_1 0.63924 0.28185 2.27 0.1081 Cancerdealth(t-2) 
 AR2_1_2 0.08635* 0.02781 3.10 0.0531 Air_Pollution(t-2) 
 AR3_1_1 -0.20329 0.20911 -0.97 0.4027 Cancerdealth(t-3) 
 AR3_1_2 0.03639 0.02282 1.59 0.2091 Air_Pollution(t-3) 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes significance at the 
1% level. The numbers below the coefficients are probability levels. 
 
Table 4. 57 present the results for our VAR (3) model for infant mortality.  The results 
indicate that cancer death is influenced by air pollution at lags of 2 years. The coefficient for air 
pollution is statistically significant at lag 2 at the 10%.  Our model indicates that air pollution 
Granger causes infant mortality. 
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Table 4. 57 – Hawaii VAR Results for Infant Mortality  
 
 
Model Parameter Estimates       
Equation Parameter Estimate Standard t Value Pr > |t| Variable  
   Error     
Infantmortality CONST1 3.32674 1.06709 3.12 0.0526 1  
 AR1_1_1 -0.68695 0.37338 -1.84 0.1631 Infantmortality(t-1) 
 AR1_1_2 -0.18903 0.17857 -1.06 0.3675 Air_Pollution(t-1) 
 AR2_1_1 -0.47168 0.54427 -0.87 0.4499 Infantmortality(t-2) 
 AR2_1_2 0.26612* 0.10847 2.45 0.0631 Air_Pollution(t-2) 
 AR3_1_1 0.56692 0.45568 1.24 0.3018 Infantmortality(t-3) 
 AR3_1_2 -0.36298 0.18685 -1.94 0.1473 Air_Pollution(t-3) 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes significance at the 
1% level. The numbers below the coefficients are probability levels 
 
In Table 4.58, we report the results for VAR (3) model for premature death. The 
coefficient for air pollution is significant at lag of 3 years at the 10%. There is a weak Granger 
causality running from air pollution to premature death. The leading cause of death for Hawaii is 
premature death. Although the state has low air pollution and currently ranks 12 in the nation in 
terms of air quality, the state needs to reduce air pollution to the levels prior to 2009 to further 
reduce premature death.  
Table 4. 58 – Hawaii VAR Results for Premature Death  
 
 
Model Parameter Estimates       
Equation Parameter Estimate Standar
d 
t Valu
e 
Pr > |t| Variable  
   Error     
Prematuredeath CONST1 18.20866 18.7433
6 
0.97 0.4030 1  
 AR1_1_1 -0.45382 0.45056 -1.01 0.3880 Prematuredeath(t-1) 
 AR1_1_2 0.00661 0.24336 0.03 0.9800 Air_Pollution(t-1) 
 AR2_1_1 -0.32033 0.91474 -0.35 0.7493 Prematuredeath(t-2) 
 AR2_1_2 0.18570 0.26559 0.70 0.5348 Air_Pollution(t-2) 
 AR3_1_1 -0.28811 0.99769 -0.29 0.7916 Prematuredeath(t-3) 
 AR3_1_2 0.30743* 0.15959 1.93 0.0974 Air_Pollution(t-3) 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes significance at the 
1% level. The numbers below the coefficients are probability levels 
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The result for cardiovascular death is reported in Table 4. 59.  The coefficient for our 
VAR model is significant at lag 2 at the 5% level – indicating that there is a causality running 
from air pollution to cardiovascular death at lag of 2 years.  Cardiovascular death is the second 
leading cause of death in Hawaii.   
Table 4. 59 – Hawaii VAR Results for Cardiovascular Deaths  
 
Model Parameter Estimates       
Equation Parameter Estimate Standard t Val
ue 
Pr > |t| Variable  
   Error     
Cardiovascula
rdeath 
CONST1 -4.12261 2.09032 -1.97 0.1431 1 
 AR1_1_1 -0.38567 0.60645 -0.64 0.5700 Cardiovasculardeath(t-1) 
 AR1_1_2 0.11883 0.10914 1.09 0.3559 Air_Pollution(t-1) 
 AR2_1_1 1.55207 0.86255 1.80 0.1698 Cardiovasculardeath(t-2) 
 AR2_1_2 0.15073** 0.06258 2.40 0.0422 Air_Pollution(t-2) 
 AR3_1_1 0.48637 0.83326 0.58 0.6004 Cardiovasculardeath(t-3) 
 AR3_1_2 -0.00774 0.10644 -0.07 0.9466 Air_Pollution(t-3) 
 
Health Outcomes and Socioeconomic Factors  
 In Table 4. 60, Panel A, we present the descriptive statistics for health outcomes and 
socioeconomic factors. These factors are: high school graduation rate, unemployment rate, 
changes in personal income, and income disparity. The high school graduation rate for Hawaii is 
available only from 1988 and ranges from 60% to 87% during this study period with the average 
of 62%.  
 
 
 
 
	Table 4. 60: Hawaii Descriptive Statistics and Correlations for Socioeconomic Factors (1992-2015) 
Panel A Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality High_School_Graduation Unemployment 
Rate 
Cpersonal Income Income 
Disparity 
N 26 26	 26	 26	 18	 26	 25	 26 
Mean 8.74640 5.07000 5.55027 1.88230 71.86446 4.47308	 3.30933	 0.42526 
Std. Dev 0.03904 0.01677 0.12920 0.12740 8.95028 1.43877	 2.44362	 0.01833 
Sum 227.40627 131.82004 144.30696 48.93986 1294 116.30000	 82.73316	 11.05680 
Minimum 8.67676 5.04536 5.29381 1.62924 59.70000 2.40000	 -3.37639	 0.38700 
Maximum 8.82732 5.10048 5.68901 2.20827 86.80000 7.30000	 7.28583	 0.46000 
 Panel B Prematuredeath Cancerdealth Cardiovasculardeath Infantmortality High_School_Graduation Unemployment 
Rate 
Cpersonal 
Income 
Income 
Disparity 
Prematuredeath 1        
 Cancerdealth 0.48629** 1       
 (0.0118)        
Cardiovasculardeath 0.30960 0.68799*** 1      
 (0.1238) (<.0001)       
Infantmortality 0.40101** 0.40612** 0.70866*** 1     
 (0.0423) (<.0001) (<.0001)      
High_School_Graduation     1    
0.63410** 
0.0047 
0.27189 
0.2751 
-0.05856 
0.8175 
0.30417 
0.2198 
    
Unemployment Rate 0.06758 0.17718 -0.36882** -0.48738** -0.20499 1   
0.7429 0.3865 0.0637 0.0116 0.4145    
Cpersonal Income  
-0.17087 
 
-0.27403 
 
0.20102 
 
0.25855 
0.2121 
 
-0.10493 
0.6886 
 
-0.73309*** 
<.0001 
1  
0.4141 0.1850 0.2121   	 	  
Income Disparity -0.41388** -0.46611** -0.24380*** -0.50907*** -0.48681** 0.08175 0.12209 1	
0.0356 0.0164 0.2301 <.0001 0.0405 0.6914 0.5610	 		In	Panel	B,	*	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.
	Figure 4.11 below shows time trend for high school graduation in Hawaii relative to the 
U.S. average. As the graph shows high school graduation rate was way above the U.S. average in 
early 1990s, however, it has gradually declined throughout the study period and in 2015 fell to 
around 67%, below the U.S. average of around 82% -- that ranks Hawaii in 33th place in the U.S. 
The average unemployment rate is also well below the U.S. average rate with minimum of 2.4% 
and maximum of 7.3% during 1990-2015 period.  The average income disparity in the state of 
Hawaii is just above the U.S. rate (0.42 vs. 0.39, see Table 14). The income disparity is measures 
by Gini coefficient where 0 represent complete equality and 1 represents complete inequality.  
Panel B shows the correlation coefficients between our health outcomes and socioeconomic 
variables.  Premature death is correlated to high school graduation and income disparity.  Cancer 
death is also highly correlated with income disparity while cardiovascular death is correlated to 
both unemployment rate and income disparity.  Finally, infant mortality is also highly correlated 
to income disparity.  The correlation between income disparity and all measures of health 
outcome is striking. We also see a high correlation between unemployment rate and change in 
personal income.   
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  Figure 4.11: Time trend for high school graduation in Hawaii relative to the U.S. 
average. 
 
In Table 4.61, we present regression results for income disparity and health outcome 
measures.  The coefficient for income disparity on premature death is significant at the 5% level.  
The coefficient for income disparity on cancer death is also significant at the 5% level and the R2 
for the model is 0.2173.  We find similar results for infant mortality, in contrast to cardiovascular 
death that shows no relation between income disparity and cardiovascular death. The overall 
regression results indicate that income disparity is an important variable in explaining three out 
of four measures of health outcome. 
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Table 4. 61: Hawaii Regression Results for Income Disparity  
      
Variable Intercept Income Disparity   
R-
Square 
Adjusted 
R-Square 
Prematuredeath 
9.12117*** -0.88127** 
  0.1713 0.1368 
<.0001 0.0356 
Cancerdealth 
5.25134*** -0.42643** 
  0.2173 0.1846 
<.0001 0.0164 
Cardiovasculardeath 
6.28087*** -1.71801 
  0.0594 0.0202 
<.0001 0.2301 
Infantmortality 
3.03281*** -2.70542** 
  0.1516 0.1162 
<.0001 0.0493 
 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes significance at the 
1% level. The numbers below the coefficients are probability levels. 
 
 
 The regression results for high school graduation are reported in Table 4. 61.  The only 
significant coefficient for high school graduation is in the regression model for premature death. 
The coefficient indicates that higher school graduation is associated with lower premature death 
and the model has an R2 of 0.4021.  Our regression models for other socioeconomic variable, 
unemployment rate and change in personal income, did not result in any significant relations and 
thus are not reported here. 
Table 4. 62: Hawaii Regression Results for High School Graduation  
      Variable Intercept High School Graduation   
R-
Square 
Adjusted 
R-Square 
Prematuredeath 
8.55671*** 0.00268** 
  0.4021 0.3647 <.0001 0.0047 
Cancerdealth 5.03816
*** 0.00051465 
  0.0739 0.0160 
<.0001 0.2751 
Cardiovasculardeath 5.65512
*** -0.00054139 
  0.0034 -0.0589 
<.0001 0.8175 
Infantmortality 
1.62784*** 0.00417 
  0.0925 0.0358 
<.0001 0.2198 
 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes 
significance at the 1% level. The numbers below the coefficients are probability levels. 
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Next, we turn our attention to Granger causality test between income disparity and 
different health outcome measures by fitting a VAR (5) model.  The results are reported in Table 
4. 63.  We find that income disparity Granger causes cardiovascular death only while we could 
not detect any causality for cancer death, infant mortality, and premature death.  
 
Table 4. 63: Hawaii Granger-Causality Wald Test for Income Disparity  
 
 
Group 1 Variables Group 2 
Variables: 
  Chi-Square Pr >Chi-square 
Cancerdeath Income 
Disparity 
  5.08 0.4058 
Infantmortality Income 
Disparity 
  3.38 0.6412 
Prematuredeath Income 
Disparity 
  5.42 0.3671 
Cardiovasculardeath  Income 
Disparity 
  10.42 0.0643 
 
 
The VAR (5) model results are reported in Table 4. 64.  The coefficients for lag 4 and lag 
5 are significant at the 10% and 5% levels, respectively.  That is a very significant finding, i.e., 
income disparity influences cardiovascular death in a relatively long term (4 to 5 years). The 
results are in contrast with the regression results reported in Table 4. 60 where income disparity 
is associated with cancer death, cardiovascular death, and infant mortality.   
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Table 4. 64: Hawaii VAR Results for Cardiovascular Deaths  
 
Model Parameter Estimates      
Equation Parameter Estimate Standard 
Error 
t Value Pr > |t| Variable  
Cardiovasculardeath CONST1 -0.04073 0.50316 -0.08 0.9371 1  
 AR1_1_1 0.34245 0.50582 0.68 0.5137 Cardiovasculardeath(t-1)  
 AR1_1_2 0.22210 0.22873 0.97 0.3544 Income_Disparity(t-1) 
 AR2_1_1 1.45734 0.75174 1.94 0.0813 Cardiovasculardeath(t-2) 
 AR2_1_2 0.14823 0.24516 0.60 0.5589 Income_Disparity(t-2) 
 AR3_1_1 -0.74549 0.66214 -1.13 0.2865 Cardiovasculardeath(t-3) 
 AR3_1_2 -0.39322 0.22495 -1.75 0.1110 Income_Disparity(t-3) 
 AR4_1_1 -0.45156 0.76729 -0.59 0.5692 Cardiovasculardeath(t-4) 
 AR4_1_2 -0.54435* 0.29325 -1.86 0.0931 Income_Disparity(t-4) 
 AR5_1_1 0.46500 0.52435 0.89 0.3960 Cardiovasculardeath(t-5) 
 AR5_1_2 -0.28105** 0.12750 -2.20 0.0309 Income_Disparity(t-5) 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes 
significance at the 1% level. The numbers below the coefficients are probability levels.  
 
Health Outcomes and Policy Factors 
Our model for policy variables states that health outcome is a function of public health 
funding and lack of health insurance. Public health funding is the dollars per person that are 
spent on population health through funding from the CDC.  Figure 4.12 depicts public health 
funding for the state of Hawaii relative to the U.S. average.  Throughout the period of the study, 
Hawaii’s public health funding is way above the U.S. average and the gap seems to have widen 
over the years.  Hawaii spends $220 per person on public health funding versus an average of 
$95 in the U.S. and is ranked 2 in the U.S. in terms of public health funding in the nation.  
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Figure 4.12: Public health funding for the state of Hawaii relative to the U.S. average 
 
The graph below presents the time trend for lack of health insurance in state of Hawaii 
relative the U.S (See figure 4.13).  Currently, only 4.7% of Hawaii’s population lacks health 
insurance while 10.6% of the U.S. population is uninsured.  Hawaii is ranked in the third place in 
terms of the percentage of its population that are not covered by private or public health 
insurance.   
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Figure 4.13: Trend for lack of health insurance in state of Hawaii relative the U.S 
 
 Table 4. 65, Panel A, presents the descriptive statistics for the data used in this 
study for state of Hawaii.  There are only 11 observations available for the measure of public 
health funding.  In Panel B the correlation between health outcome measures and lack of health 
insurance and public health funding in the state of Hawaii are presented. Lack of health 
insurance is positively correlated to cardiovascular death and infant mortality. Public health 
funding and is highly correlated with cardiovascular death although the correlation coefficient 
sign in negative.   
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Table 4. 65 – Hawaii Descriptive Statistics and Correlations for Policy Variables  (1992-
2015) 
 
Panel A Prematuredeath 
Cancerdea
lth 
Cardiovasculard
eath 
Infantmortal
ity   
Lackofhealthinsur
ance 
Publichealthfun
ding 
N 26 26 26 26   26 11 
Mean 8.74640 5.07000 5.55027 1.88230  2.88484 2.11669 
Std. Dev 0.03904 0.01677 0.12920 0.12740  0.08729 0.16287 
Sum 227.40627 131.82004 144.30696 48.93986  75.00595 55.03383 
Minimum 8.67676 5.04536 5.29381 1.62924  2.66723 1.79176 
Maximum 8.82732 5.10048 5.68901 2.20827  3.00072 2.40695 
 Panel B Prematuredeath 
Cancerdea
lth 
Cardiovasculard
eath 
Infantmortal
ity   
Lackofhealthinsur
ance 
Publichealthfun
ding 
Prematuredeath 1       
        
 Cancerdealth 0.48629** 1      
 (0.0118)       
Cardiovasculardeat
h 0.30960 
0.68799**
* 1     
 (0.1238) (<.0001)      
Infantmortality 0.40101** 0.40612** 0.70866*** 1    
 (0.0423) (<.0001) (<.0001)     
Lackofhealthinsura
ncee 0.01285 -0.19082 0.47782** 0.33259**  1  
 0.9503 0.3504 0.0136 0.0969    
Publichealthfundin
g 0.39167 0.41845 -0.78064*** -0.29135  -0.42471 1 
  0.2336 0.2002 <.0001 0.3847   0.1929   
 
This table provides summary statistics (Panel A) and correlation coefficients (Panel B) for the full sample of 26 
annual observations from 1992-2015. In Panel B, * denotes significance at the 10% level; ** denotes significance at 
the 5% level; and *** denotes significance at the 1% level. The numbers below the coefficients are probability 
levels. 
 
The regression results for lack of health insurance are presented in Table 4. 66. The lacks 
of health insurance coefficients are statistically significant for cardiovascular death and infant 
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mortality.  The regression for cardiovascular death yields an R2 of 0.7684 while the regression 
for infant mortality has an R2 of 0.5949.   
 
Table 4. 66 – Hawaii Regression Results for Lack of Health Insurance  
 
Variable Intercept Lackofhealthinsurance  R-Square  Adjusted 
R-Square 
Prematuredeath 8.62209*** 
<.0001 
0.05295 
0.4826 
 0.0419  -0.0379 
Cancerdealth 5.00647*** 
<.0001 
0.02423 
0.1873 
 0.1401  0.0685 
Cardiovasculardeath 
 
3.82338*** 
<.0001 
0.78285*** 
<.0001 
 0.7862  0.7684 
Infantmortality 
 
0.51113** 
0.0651 
0.62735*** 
<.0001 
 0.6949  0.6695 
  
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes 
significance at the 1% level. The numbers below the coefficients are probability levels. 
 
In Table 4.67, we present regression results for public health funding. The coefficient of 
public health funding is significant for the regression models for cardiovascular death and the 
model has an R2 of 0.6094. Taken together, lack of health insurance and public health funding 
seem to be associated with cardiovascular death infant mortality.   
 
Table 4. 67 – Hawaii Regression Results for Public Health Funding  
 
Variable Intercept Publichealthfunding  R-Square  Adjusted 
R-Square 
Prematuredeath 8.07845*** 
<.0001 
0.12257 
0.2336 
 0.1534  0.0593 
Cancerdealth 4.88921*** 
<.0001 
0.03123 
0.2002 
 0.1751  0.0834 
Cardiovasculardeath 
 
8.78912*** 
<.0001 
0.63061*** 
<.0001 
 0.6094  0.5660 
Infantmortality 
 
2.56305*** 
<.0001 
-0.14611 
0.3847 
 0.0849  -0.0168 
* denotes significance at the 10% level; ** denotes significance at the 5% level; and *** denotes 
significance at the 1% level. The numbers below the coefficients are probability levels. 
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Next, we turn our attention to Granger causality.  Table 4. 68 presents the Granger 
causality results of a VAR (2) model. Our policy factors, public health funding and lack of health 
insurance, do not seem to Granger cause cancer death, infant mortality, premature death, and 
cardiovascular death. These results are mainly due to the small number of observation for public 
health funding. To further investigate causality, we dropped public health funding from our 
model and focused only on lack of health insurance. However, our VAR model was unable to 
detect any causality running from lack of health insurance to any measures of health outcome.  
  
Table 4. 68: Hawaii Granger-Causality Wald Test for Policy Variables  
 
 
Group 1 Variables Group 2 Variables: Chi-
Square 
Pr >Chi-square 
Cancerdealth Publichealthfunding 
Lackofhealthinsurance 
0.48 0.9929 
    
Infantmortality Publichealthfunding 
Lackofhealthinsurance 
2.97 0.7049 
    
Prematuredeath Publichealthfunding 
Lackofhealthinsurance 
2.16 0.8259 
    
Cardiovasculardeath  Publichealthfunding 
Lackofhealthinsurance 
3.25 0.6608 
	    
 *	denotes	significance	at	the	10%	level;	**	denotes	significance	at	the	5%	level;	and	***	denotes	significance	at	the	1%	level.	The	numbers	below	the	coefficients	are	probability	levels.							
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CHAPTER 5 
IMPLICATIONS AND CONCLUSIONS 
 
This chapter recapitulates the findings from this study. Next, the limitations of the study are re-
examined. Following this re-examination, the policy contributions and implications of the 
research are discussed. Finally, the chapter concludes with discussion of some promising 
avenues for future research.  
 
Summary of the Research 
The purpose of this research is to identify the effect of the multiple health determinant on 
the health outcomes among Mississippi, Virginia and Hawaii states as the least healthy, average 
and healthiest states, respectively. Despite considerable evidence indicating the importance of 
determinants of health, such as health behaviors, environmental, socioeconomic factors and 
clinical care, there is no literature that specifically indicates the relative causal link of these four 
types of determinant to broad health outcomes, such as mortality.  
Population health is defined as the health outcomes of a group of individuals, including 
the distribution of such outcomes within the group (Kindig & Stoddart (2003), Kindig. (2007)). 
Improving population health should be on the top of the agenda for the administration and 
policymakers. In fact the ACA that was signed by President Obama into law on March 23, 2010 
is often considered the most significant accomplishment of his presidency. The ACA aims at 
insuring over 20 million Americans to improve population health. Therefore, measuring health 
outcomes and their upstream determinants is a necessary step in achieving the potential of the 
population health perspective in the process of improving health. How do we measure population 
health? So what factors affect health outcomes? This research attempts to provide answers for 
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these questions. The topic of the geographical location and the role of state policy makers in 
shaping the health outcomes has also been the subject of much discussion and research. The 
second goal of this research is to shed lights on what factors have the largest causal impact on 
health outcomes among Mississippi, Virginia and Hawaii and how policy makers could influence 
the health of their citizens. Policymakers influence health outcomes over the life course by their 
policies and interventions at the individuals and population levels. 
In this study, health factors are divided into four modifiable groups, including healthy 
behaviors, physical environment, socioeconomic conditions and clinical care. We have not 
included the genetics and biology factors as predictors of health outcomes in our model since 
they are neither modifiable nor measurable.	Mortality is an essential population health outcome 
measure. A review of literature presented in this research clearly indicates that health outcomes 
should be measured by premature death, cancer death, cardiovascular death, and infant mortality. 
We design empirical models to test our hypotheses consisting of multiple regression models as 
well as Vector Autoregressive Models (VAR) with embedded Granger causality that are capable 
of detecting causality among the variables included in the model. In our empirical models, data 
are obtained from America’s Health Ranking. The empirical results and discussions of these 
findings from this study are summarized and organized by research questions and hypothesizes 
in the proceeding section. 	
	
Health	Outcomes	and	Behavioral	Factors		
As mentioned previously, considerable evidence has clearly established the link between 
personal health behaviors such as obesity, smoking, drinking, physical inactivity and other 
individual and social behavior to chronic disease morbidity and mortality  (Katzmarzyk, Church, 
Craig, & Bouchard, 2009, Secretan,et al, 2009, Sturm, 2002, Wen, et al, 2001). 
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To measure the impact of behavioral factors on health outcomes we use regression 
models and to investigate causality – we employ Granger causality method.  Our regression 
results for the least healthy state, Mississippi, indicate that there is no significant relation 
between most behavioral factors and health outcomes except for obesity.  Granger causality 
models reveal that there is a causal relation between obesity and cardiovascular death -- the only 
variable that influences cardiovascular death seems to be obesity. We could not detect any other 
causality between other behavioral factors and health outcome measures. The lack of causality 
between other behavioral factors (smoking, excessive drinking, and physical inactivity) could be 
contributed to data limitation since we were able to fit models only with two years lags. 
For the state of Virginia, we find smoking is highly associated with all measures of health 
outcomes. However, when we employ Granger causality, we find that all behavioral risk factors 
influence some measures of health outcomes and obesity seems to be the most influential factor 
on all measure of health outcomes.   
Hawaii is ranked as the healthiest state by AHR. The regression results for Hawaii 
indicate that smoking and obesity are associated with health outcomes. The Granger causality 
models indicate that smoking influences infant mortality and obesity influences cardiovascular 
death.  Given that smoking rate is falling in the state of Hawaii and obesity is on the rise, the 
biggest challenge among risk behavioral factors that seem to face the state is obesity although the 
state is ranked in the third place in terms of the least obese states in the U.S.   
To summarize, our results indicate that, in the state of Virginia, all behavioral factors 
influence health outcomes where obesity has the most pronounced effect. To improve the health 
of its citizens, Virginia needs to focus on all these factors. We find that, in Mississippi and 
Hawaii, obesity is the most influential factor on health outcomes although there is a widening 
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gap in obesity between these two states. In Virginia, we find support for hypotheses H1 –H4, i.e.,  
that all behavioral factors influence mortality while for the states of Mississippi and Hawaii, we 
find support for only obesity. Thus, our results provide a strong support for hypothesis H3 that 
predicts a higher obesity rate leads to a higher mortality rate. 
Our results are consistent with recent research on the relation between obesity and 
mortality.  Masters, et al. (2013) assert that previous research has underestimated the impact of 
obesity on mortality in the US.  They conclude that obesity should be placed in the “forefront of 
concern for public health action.”  Similar findings have been reported for other countries.  In a 
recent study, Roos, et al. (2016) conduct a survey in Helsinki, Finland to examine the joint 
associations of smoking and obesity with all-cause and cancer mortality among midlife 
employees. They find that smoking increases mortality and obesity strengthens this association.   
Numerous studies have demonstrated that smoking is an important public health problem and a 
major cause of morbidity and cause-specific mortality (Centers for Disease Control and 
Prevention [CDC], 2002, 200 and 2009, Ebbert et al, 2003, Doll, Peto, Boreham, & Sutherland, 
2004, Rostron, Chang, & Pechacek,2014, Secretan,et al, 2009). Our results of an overall positive 
association between smoking and health outcomes for the state of Virginia is consistent with 
previous prospective studies from (Rostron, 2013, Rostron et al, 2014) and agrees with recent 
reports from the US Surgeon General (2004 and 2009) on the health impact of smoking. 
 
Health Outcomes and Environmental factor 
Air pollution is an important aspect of the physical environment that impacts health. Air 
pollution is widespread, affects a large number of people, and can have severe health effects, 
especially on young children and older adult.  Studies have shown significant reduction in the 
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risk of all-cause mortality from cardiovascular disease and lung cancer with incremental 
decreases in the concentration of fine particulates (Goodman, at al,2004, Laden, et al. 2006).  
Air quality standards and environmental protection policies have helped to reduce air 
pollution in recent years, but pollution remains high in some areas. The health and economic 
benefits of lower air pollution are significant. The Environmental Protection Agency estimates 
that the Clean Air Act prevented 130,000 heart attacks, 1.7 million asthma attacks, and 13 
million lost workdays between 1990 and 2010 and the Clean Air Act is estimated to prevent 
230,000 adult premature deaths in 2020.25  
Mississippi’s regression results indicate association between only cardiovascular death 
and air pollution; however, our Granger causality models find causal relation between air 
pollution and cancer death and premature death. For the state of Virginia, our regression models 
find significant association between air pollution and all measures of health outcomes and our 
Granger causality models detect causal relations between air pollution and cancer death, infant 
mortality, and premature death up lag of 3 years.  However, we could not find any causality for 
cardiovascular death. Hawaii’s regression results indicate association between air pollution and 
cardiovascular death and infant mortality; however, our causality models show that air pollution 
Granger causes cancer death, infant mortality, premature death and cardiovascular death – all 
measures of health outcome.  
Our fining support the hypothesis H5 that proposes a higher air pollution leads to a higher 
mortality rate. Our results are consistent with some of the previous findings in the literature 
although previous studies did not search for causal relations. For instance, in a global study 
																																																						
25	(https://www.epa.gov/clean-air-act-overview/benefits-and-costs-clean-air-act-1990-2020-second-
prospective-study). 
	
		
149	
conducted by Lelieveld, et al. (2015), the authors find air pollution contributes to millions 
premature deaths per year worldwide, predominately in Asia.  It is caused by residential energy 
use such as heating and cooking in India and China, whereas in much of the USA and in a few 
other countries emissions from traffic and power generation are significant. Jerrett et al. (2013) 
find positive associations of fine particulate matter, O3, and NO2 with mortality in California.  
 
Health Outcomes and Socio-economic Factors 
The literature relating health outcomes to socioeconomic status (SES) such as income, education 
and occupation has a long history, with the general finding that higher socioeconomic status 
(SES) is associated with better health and longer life (Adams, Hurd, McFadden, Merrill, & 
Ribeiro, 2003, Bloom, Canning, & Jamison, 2004, Lantz et al, 1998, Von Rueden, Gosch, 
Rajmil, Bisegger, & Ravens-Sieberer, 2006).  A large body of evidence has accumulated that 
reveals a powerful role for socioeconomic factors—apart from medical care—in shaping health 
across a wide range of health indicators and populations.  The relationships between these factors 
and health, however, are complex and there are disagreements regarding the strength of the 
evidence supporting a causal role of some social factors. In our model, four social factors are 
employed: high school graduation, unemployment rate, changes in personal income, and income 
disparity.   
To measure the impact of social factors on health outcomes we use regression models and to 
investigate causality – we employ Granger causality method. Starting with the state of 
Mississippi, the least healthy state, we find that cardiovascular death and infant mortality are 
associated with income disparity.  In terms of causality, we find a causal link between income 
disparity and cardiovascular only. 
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  For the state of Virginia, we find income disparity is highly associated with all measures 
of health outcomes and high school graduation has significant impact on all health measures.   
However, when we employ Granger causality, we find that social factors influence some 
measures of health outcomes. The results indicate that income disparity Granger causes 
cardiovascular death up to 2 lags.  This evidence provides a direct causal liken between income 
disparity and health outcome that was not reported in the previous studies. However, no causality 
detected between income disparity and other measures of health outcome. Granger causality 
reveals that a strong causal link between high school graduation and premature death exists up to 
the lag of 5 years.  This strong causal link indicates that increases in high school graduation leads 
to lower premature death.   
 For the healthiest state, Hawaii, our results demonstrate that income disparity is an 
important factor affecting cardiovascular death and higher high school graduation rate leads to a 
lower cardiovascular death up to the lag of 5 years. Our overall results indicate that income 
disparity and high school graduation rates are important factors that influence cardiovascular 
death which is the second cause of death in the state of Mississippi (Mendy, Vargas, & El-sadek, 
2016). Our overall results provide a strong support for hypotheses H6 and H9 that state with 
higher income disparity and lower high school graduation rates tend to have higher mortality 
rate. 
However, we could not find a convincing link between unemployment rate and higher 
personal income to mortality rates.  Thus, our analysis seems to fail to provide support for the 
following hypotheses H7 and H8:  
H7 – A higher per capita income leads to a lower mortality rate.  
H8 – A higher unemployment rate leads to a higher mortality rate. 
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Our results are consistent with Wilkinson and Pickett’s (2006) conclusions that states 
with the highest levels of income inequality exhibited, on average, a significantly higher “Index 
of health and social problems”, these problems include “lower levels of trust, lower women’s 
status, lower life expectancy, higher infant mortality rate, lower math and literacy scores, and 
higher imprisonment rates than those states with low levels of income inequality”.  Pickett and 
Wilkinson (2015) suggest future research on the relation between health outcomes and income 
inequality should focus on causality with time lag for different health outcomes.  That is 
precisely what this study is attempting to establish.   
 
Health Outcomes and Policy Factors 
Health policy factors such as public health funding and health insurance converge have a 
profound impact on health outcomes. Previous research has shown that higher levels of spending 
may contribute to improved population health (Berger, & Messer, (2002), Mays & Smith (2009), 
Fisher et al, 2003,) and expanding health insurance for low-income have been effective in 
improving their health and access to care health (Currie, et al 2008, Howell, et al, 2010). 
However, missing from the literature is a clear articulation of the causal link between public 
health funding and health insurance coverage and health outcomes. Thus, the following 
hypotheses H10 & H11 are proposed, in order to explore the relation between policy variables 
and health outcomes.  
H10 – A higher level of public health funding leads to a lower mortality rate. 
H11 – A higher parentage of the population without insurance leads to a higher mortality rate. 
 
 Our Granger causality models show that, in the state of Mississippi, we find a strong 
causality running from our policy factors to premature death and infant mortality. Infant 
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mortality is influenced by lack of health insurance and premature death is influenced by both 
lack of health insurance and public health funding up to 2 lags.  For the state of Virginia, both of 
our policy variables cause health outcomes.  The results are quite strong for cancer death and 
cardiovascular death and there at least 5 year lags for these variables to affect health outcomes. 
For the state of Hawaii, our policy factors; public health funding and lack of health insurance, do 
not seem to Granger cause cancer death, infant mortality, premature death, and cardiovascular 
death.  These results are surprising and could mainly be due to the small number of observation 
for public health funding.  Overall, our results illustrate that higher level of public health finding 
and lower uninsured population lead to the lower mortality rates and as a result H10 and H11 are 
supported.  
 
Policy Contribution and Implications   
This research provides both a practical and theoretical contribution to the field of public 
health, public administration and policy. This is important to understand that improving 
population health is of considerable importance not only in the disciplines of public health but 
also within other academic disciplines such as public administration and public policy.  
From a theoretical perspective, this research contributes to the growing literature in what 
defines and shapes population health outcomes. A review of the literature (see Chapter 2) 
highlights five major categories of health determinants: health related behavior, environmental, 
physical influences, socioeconomic status, health care and genetics. In contrast to the extensive 
body of research that examines the relation of single classes of determinants in detail to the 
health outcomes, this research focuses on the extant literature on the relative influence of the 
major categories of health determinants on health outcomes. Although there is a growing 
literature that uses national and international data to investigate health outcomes and their link to 
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the determinants of health, empirical studies on whether or not there is a causal relationship 
between health outcomes and the determinants of health, to our knowledge, has not been 
generally done previously. To fill this gap, this study propose a theoretical model that depicts 
how socioeconomic factors, environmental and behavioral factors, as well as public policy 
factors influence health outcomes among the healthiest, average and the least healthy states.  We 
design empirical models to test our hypotheses consisting of multiple regression models as well 
as Vector Autoregressive Models (VAR) with embedded Granger causality that are capable of 
detecting causality among the variables included in the model. The results reveal that obesity, air 
pollution, income disparity, high school graduation rate, public health funding and health 
insurance influence health outcomes and are the main factors that affect the health outcomes of 
Mississippi, Virginia and Hawaii.   
From a practical perspective, the finding of this study may provide the information to 
policymakers to develop the most effective policies that can improve population health and 
health equity as well as intervention strategies in both public and private sectors to respond to the 
needs of a population. 
Population health is a complex issue that is influenced by many policy factors at the 
federal government, state, and local government levels.  It is not surprising to note that the most 
remarkable achievement of the President Obama administration was the passage of ACA in 
2010; and the American health insurance is on the top of the current administration agenda.  
Health policies can affect population health by directing the allocation of resources to public 
health by policy makers. A public health researcher must focus on identifying key metrics that 
would help improve effective policies and eliminate the poor policies.  This is one of the main 
objectives of this research.   
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As stated above, the results of this research is useful in assessing the conditions and 
possible improvements, which can be made within each determinants of health that have been 
identified as a leading cause of death to reduce health dipartites. 
Our results for behavioral factors clearly indicate that obesity is the most influential 
factor in determining health outcomes in these three states that are ranked at the top, middle, and 
bottom of health rankings.  Obesity is epidemic in the U.S., and is expected to rise.  The obesity 
rate in the U.S. has tripled between 1990-2015.  Obesity is linked to many chronic diseases and 
health outcomes such as cardiovascular deaths.  Policy interventions that promote healthy eating 
and increase physical activities seem to be the most effective tools in reducing the obesity rate.  
Public health officials have many policy tools available to them to encourage healthy eating, 
such as taxing unhealthy foods.  This would be similar to taxing tobacco and alcohol that have 
been successful in reducing consumption (Jha, et al., (2006).  Health policy makers also need to 
promote policies that educate the public about the danger of obesity and increase public 
awareness of the obesity issue and support wellness, including weight management, healthy food 
choices, and physical activity.    
Mississippi’s obesity rate is alarming on the rise.  The obesity rate in the state has risen from 
15% of the population to nearly 36% over the study period, an increase of 140%, and Mississippi 
was ranked in 47th place in 2016 ranking by AHR. Obesity epidemic undoubtedly presents a 
major challenge to the state officials in improving the health outcome of its population.This 
challenge is recognized by the state officials and policy makers who have presented an action 
plan with multiple goals that include support for efforts to address physical activity and healthy 
eating. CDC provides states with base line funding for all 50 states and DC under the national 
program called “State Public Health Actions” to focus on underlying strategies that address all 
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obesity diseases.  Under this program all states must put into action key strategies in their states 
that include the following priority strategies:26	
• Promote the adoption of food service guidelines and nutrition standards, which include 
sodium. 
• Promote the adoption of physical activity in early child care centers, schools, and work 
sites. 
Under this program, Mississippi has launched collaboration with partners where the state 
provided training and technical assistance to several hospitals across the state to increase 
breastfeeding rates. Partners in this effort includes the Academy of Breastfeeding Medicine, the 
Kellogg Foundation’s Communities and Hospitals Advancing Maternity Practices regional 
project, and the Mississippi Perinatal Quality Collaborative. The state conducted and evaluated a 
seven state agency 8-week fitness challenge pilot. The results showed a 3% weight loss and 4% 
decrease in systolic and diastolic blood pressure.27  
For Virginia, we find that all behavioral factors influence health outcomes where obesity 
has the most pronounced effect. The obesity rate has been on the rise in the state and the trend in 
obesity rate has similar pattern to the state of Mississippi. The state policy makers enacted 
legislations in 2012 to provide funding for schools nutrition education to combat child obesity.  
These legislations include increasing healthier school meal and snack options, making local farm 
																																																						
26 CDC report indicates that obesity-related conditions include cardiovascular diseases, type 2 
diabetes, certain cancers, hypertension liver disease, kidney disease, Alzheimer’s disease, 
dementia, respiratory conditions, and osteoarthritis (Centers for Disease Control and Prevention. 
Overweight and obesity. http://www.cdc.gov/obesity).  
 
27 (https://www.cdc.gov/nccdphp/dnpao/state-local-programs/profiles/pdfs/mississippi-state-
profile.pdf) 
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products available to schools through farm to school programs, and providing a nutritious school 
breakfast to more students.   
Although Hawaii is ranked in the second place in terms of obesity with obesity rate of 
22.7% in 2016, the trend in obesity rate has a similar pattern to Mississippi and Virginia. The 
state officials have developed a plan (Physical Activity and Nutrition Plan 2020) to reduce 
obesity. This plan has multiple goals that includes providing better information to guide 
evidence-based decision-making for physical activity and nutrition policies and practices and 
increase awareness among key decision-makers at the state and local levels of statewide obesity 
trends, and physical activity and nutrition behaviors. 
The above-mentioned policies in combination with the role of non-governmental 
organizations and all sectors of society supports the need for an innovative policy approaches to 
address the promotion of population health through action on health determinants and the 
possible causes of their unequal distribution.  
Our results for all three states show that there is a causal relation between air pollution 
and health outcome measures. The state of Mississippi has been successful in reducing air 
pollution – following the same trend as the U.S. average – while the state of Hawaii’s air 
pollution has been on the rise since 2009.  However, there is still a gap between these two states.  
A study by Lin, et al. (2014) finds that air pollution from Asia has been rising for several decades 
but Hawaii had seemed to escape the ozone pollution that drifts east with the springtime winds, 
however, with climate change, authors have found that shifts in atmospheric circulation explain 
the upward trends in Hawaiian ozone pollution.  In the United States, each state is required to 
develop a plan to meet and maintain the national ambient air quality standards based on the 
Clean Air Act. However, Air pollution often extends to areas beyond each state and country 
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affecting air quality and public health and it does not recognize geographic boundaries. In 
addition, the increasing concentrations of greenhouse gases are the most significant driver of 
observed climate change since the mid-20th century.28 For this reason, it made it necessary for 
all three Mississippi, Virginia and Hawaii states to consider national and international policies 
and regulations for controlling air pollution in combination with local control measures. Thus, 
this could be as an effective strategy for these states to improve health outcomes and they 
can play a more influential role in improving the health of their populations. 
Income disparity is another factor that influences health outcomes for the three states 
studied here. To combat income disparity, policy makers have significant tools at their disposal 
such as increasing the minimum wage, tax policies to lift family incomes above the poverty line, 
encourage saving rates, and invest in education. There is a rising long-term trend in in income 
disparity in Hawaii and Mississippi states. However, there is a significant gap between two 
states. Given our empirical findings in relationship between income disparity and health 
outcomes, state officials would be wise to pay attention to this critical matter. Although there has 
been a growing awareness over the last decade of the importance of socioeconomic factors on 
health outcomes (Marmot, et al 2008, Wilkinson, & Marmot, (2003)), there has been very 
little research reported on the effectiveness intervention and public health action on altering the 
underlying social determinants of health (Watt, 2002, Williams, Costa, Odunlami, & 
Mohammed, 2008).   
Brownson, Chriqui, and Stamatakis, 2009, noted that “there is a considerable gap 
between what research shows is effective and the policies that are enacted and enforced”.  While 
																																																						
28	IPCC (Intergovernmental Panel on Climate Change). 2013. Climate change 2013: The physical science basis. 
Working Group I contribution to the IPCC Fifth Assessment Report. Cambridge, United Kingdom: Cambridge 
University Press. www.ipcc.ch/report/ar5/wg1.	
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policies may affect population subgroups differentially, policymakers do not generally evaluate 
and propose whether policies increase or decrease health disparities (Stone, 2006). Thus, the 
fining from this study may provide useful information for policymakers to design more 
comprehensive policies than those traditionally used. In addition to evaluate health outcomes 
using validated health measures among Mississippi, Virginia and Hawaii states.  
 
Policy factors employed in the study are lack of health insurance and public health 
funding. American Health Ranking uses different immunizations in addition to the variables 
mentioned above. Mississippi is ranked in 44th place in terms of lack of health insurance and 32 
in terms of public health funding. Virginia is ranks 27th for the lack of health insurance, and 30th 
for public health funding. Hawaii is ranked in the third place in terms of lack of health insurance 
with only 4.7% of population is uninsured, and in terms of public health funding is ranked in the 
second place in the nation. Hawaii’s public health funding is almost four times as large as 
Mississippi.  
As our results for Virginia and Mississippi show higher public health funding lead to 
lower mortality. From our research fining several implications for policy concerning public 
health fund and expanding health insurance coverage are evident. As such, policies and 
interventions should be directed toward public-private partnerships (PPPs) in the hope that the 
private sector will serve to reduce disparities in health care (Buse & Walt (2000), Buse & 
Harmer (2007), Widdus 2001). In this regard, federal, state, and district policies must be written 
with lower regulatory and fiscal barriers to wider availability and flexibility in which 
partnerships are implemented.  
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Public health funding allows the states to proactively implement programs that improve 
health. Expanding the amount of resources on public health activities in a given state is  
often complex and depend on a variety of factors, inputs, and relationships.  In part, actions to 
increase public health funding is made more complex by a multiple interaction of economic, 
social, and political forces, community health needs, policy priorities, and delivery system 
characteristics (Mays & Smith (2009).    
However increased public health funding, while helpful, is not the key to success without 
developing strategies aim to effectively promote and improve population health. As Mays and 
Smith (2009) state “higher levels of spending may contribute to improved population health if 
resources are allocated to activities that are effective in reducing health risks, and if these 
activities are targeted successfully to population groups at risk”.  
Mays and Smith (2011) find that mortality rates fell between 1.1 percent and 6.9 percent 
for each 10 percent increase in local public health spending. Their results suggest that increased 
public health investments can produce measureable improvements in health. A report by Trust 
for America’s Health shows that that an investment of $10 per person per year in evidence-based 
community programs proven to increase physical activity, improve nutrition, and prevent 
smoking or other tobacco use could save the country more than $16 billion annually within five 
years.29   
 
Limitations and Directions for Future Research 
There are several limitations pertaining to this study. Although this research uses the 
most comprehensive data set for health factors available, for some factors, the number of 
																																																						
29	(http://healthyamericans.org/reports/prevention08/Prevention08.pdf).	
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observations is too small to test causality with multiple factors included in our models.  
Secondly, this research investigates the link between health outcomes and health factors utilizing 
data for only three states out of 50 states.  
Future research could focus on causes of health disparity in different regions (Northeast, 
Southeast, Northwest, West and middle America) and factors that influence them since the 
population of these regions seems to be more homogenous. Another suggestion would be to 
include more variables in the models such as drug abuse, violent crime, and accessibility of 
clinical care. For instance, for clinical care we could include low birth weight which is defined 
percentage of infants weighing less 5 pounds and 8 ounces at birth; preventable hospitalization 
which is defined as number of discharges for ambulatory care-sensitive conditions per 1,000 
Medicare enrollees; primary care physicians which is a measure of access to primary care for the 
general population as measured by the number of active primary care physicians (including 
general practice, family practice, obstetrics and gynecology, pediatrics, geriatrics, and internal 
medicine) per 100,000 population.   
American Health Ranking has developed a new measure for policy which includes, in 
addition to lack of health insurance and public health funding, different immunizations measures.  
The new policy measure is very promising for research in the area of policy and health 
outcomes, but is only available for years 2015 and 2016.  Thus, a causality model that is capable 
of dealing with time series and cross sectional data should provide a unique insight into how the 
government policies affect health outcomes.  
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Conclusion 
The purpose of this study was to examine the causes and consequences of a wide variety of heath 
determinants on health outcomes among the healthiest, average and the least healthy states. It 
departs from available literature in the sense that it focuses on the causal relationship between  
health determinants and health outcomes as measured by different mortality measures. Then, the 
dissertation is concluded by giving all the answers for the research questions raised in the 
introduction chapter. This means the research objectives are done and the hypotheses are tested. 
The following part gives the conclusions for the study by presenting the main points to answer 
the research questions:  
1) What factors influence the population health outcomes among Mississippi, Virginia and 
Hawaii states as the least healthy, average and healthiest states, respectively.  
 2) What factors have the largest causal impact on health outcomes among Mississippi, Virginia 
and Hawaii? For instance, would these states more spending on health lead to better health 
outcomes?   
The second research question was expanded, as hypotheses were developed in order to 
investigate the causal effects of health determinants on health outcomes. We design empirical 
models to test our hypotheses consisting of multiple regression models as well as Vector 
Autoregressive Models (VAR) with embedded Granger causality that are capable of detecting 
causality among the variables included in the model. The data in this study are obtained from 
America’s Health Ranking.  
There are four factors that influence health outcomes including behavioral factors, environmental 
factor, socioeconomic factors, and policy factors. The behavior factors include smoking, 
excessive drinking, obesity and physical inactivity. The measure of environmental factor is air 
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pollution. The socioeconomic factors consist of four variables: education, change in personal 
income, unemployment rate and income disparity. The policy factor possesses two variables:  
health insurance and public health funding. Premature death, cancer death, cardiovascular death, 
and infant mortality are used as proxy for health outcomes.   
As mentioned above, this dissertation began with the existing body of literature on 
health outcomes and determinants of health, based on which, hypotheses are proposed. In order 
to test the influence of behavioral factors on health outcomes hypotheses 1-4 has been suggested 
as follows: Hypothesis H1: a higher smoking rate leads to a higher mortality rate.  
Hypothesis H2: a higher excessive drinking rate leads to a higher mortality rate.  
Hypothesis H3: A higher obesity rate leads to a higher mortality rate. 
H4: A higher percentage of the population who are physically inactive leads to a higher mortality 
rate. 
The Granger causality and VAR methodology utilized here clearly indicates that obesity 
is the most prominent factor among behavioral factors that influence mortality. Policy-makers 
need to be watchful of the disparate effects obesity has on the health of the population.  Thus, our 
results provide a strong support for hypothesis H3 that predicts a higher obesity rate leads to a 
higher mortality rate. As far as other behavioral factors are concerned, we find a weak evidence 
for other behavioral factors and it varies from one state to another.  In Virginia, we find support 
for hypotheses H1 –H4, i.e.,  that all behavioral factors influence mortality while for the states of 
Mississippi and Hawaii, we find support for only obesity.  
Our fining support the hypothesis H5 that proposes a higher air pollution leads to a higher 
mortality rate. For the state of Mississippi our Granger causality models find causal relation 
between air pollution and cancer death and premature death 
		
163	
For the state of Virginia Granger causality models detect causal relations between air 
pollution and cancer death, infant mortality, and premature death up lag of 3 years.  However, we 
could not find any causality for cardiovascular death. For the state of Hawaii causality models 
show that air pollution Granger causes cancer death, infant mortality, premature death and 
cardiovascular death – all measures of health outcome.  
Our overall results provide a strong support for hypotheses H6 and H9 which are stated 
as follows: 
H6 – A lower school graduation rate leads to a higher mortality rate. 
 
H9 – A higher income disparity leads to a higher mortality rate. 
Therefore, state with higher income disparity and lower high school graduation rates tend to have 
higher mortality rate.  However, we could not find a convincing link between unemployment rate 
and higher personal income to mortality rates.  Thus, our analysis seems to fail to provide 
support for the following hypotheses H7 and H8:  
H7 – A higher per capita income leads to a lower mortality rate.  
H8 – A higher unemployment rate leads to a higher mortality rate.	
	
The following hypotheses H10 & H11 are proposed, in order to explore the relation between 
policy variables and health outcomes.  
H10 – A higher level of public health funding leads to a lower mortality rate. 
H11 – A higher parentage of the population without insurance leads to a higher mortality rate. 
 
 Our Granger causality models show that, in the state of Mississippi, we find a strong 
causality running from our policy factors to premature death and infant mortality.  Infant 
mortality is influenced by lack of health insurance and premature death is influenced by both 
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lack of health insurance and public health funding up to 2 lags.  For the state of Virginia, both of 
our policy variables cause health outcomes.  The results are quite strong for cancer death and 
cardiovascular death and there at least 5 year lags for these variables to affect health outcomes. 
For the state of Hawaii, our policy factors; public health funding and lack of health insurance, do 
not seem to Granger cause cancer death, infant mortality, premature death, and cardiovascular 
death. These results are surprising and could mainly be due to the small number of observation 
for public health funding. Overall, our results illustrate that higher level of public health finding 
and lower uninsured population lead to the lower mortality rates and as a result H10 and H11 are 
supported.  
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